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About This Manual 


This manual provides reference information on the CONTROL DATA® CYBER Channel 
Coupler (CCC). The CCC allows connection of a CDC® CYBER 170/180 series computer 
to a cartridge tape or tape storage subsystem that meets the requirements of a Federal 
Information Processing Standards (FIPS) peripheral device. 


Audience 


This manual is written for customer engineers (CEs) and site analysts who are 
responsible for installing and maintaining a 19404-1/2/3/10/11/12 CYBER Channel 
Coupler. 

Organization 


_ The information in this manual is organized under the following major chapters and 
appendixes: 


@ Chapter 1 - General Description 

@ Chapter 2 - Operation 

@ Chapter 3 - Programming 

@ Appendix A - UDI Control Signal Assignments 
° Appendix B - Processor Instruction Codes 

@ Appendix C - FIPS I/F Sequence Charts 

@ Appendix D - FIPS Device Interface Status 


Conventions 


New features, as well as changes, deletions, and additions to this manual, are indicated 
by vertical (change) bars in the margins. 


Technical changes and additions are indicated by change bars and are correlated with 
the revision of the page on which they occur. Other changes, such as editorial and 
pagination, are not identified by change bars, but may be included as part of a 
revision. 


Disclaimer 


The information in this manual is only valid if used as described by this manual and 
other referenced manuals and documents. Control Data cannot be responsible for 
problems that result from improper use of this equipment. If any information in this 
manual conflicts with local building, electrical, or fire codes and ordinances, the 
customer should consult with local authorities on these matters. 


It is the customer's responsibility to ensure that applicable building, electrical, and fire 
codes or ordinances are followed. 
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Radio Frequency Compliance 


This equipment generates, uses, and can radiate radio frequency energy, and if not 
installed and used in accordance with the instruction manuals, may cause interference 
to radio communications. It has been tested and found to comply with the limits for a 
class A computing device and peripheral computer devices pursuant to Subpart J of 
part 15 of the FCC Rules which are designed to provide reasonable protection against 
such interference when operated in a commercial environment. Operation of this 
equipment is a residential] area is likely to cause interference, in which case the user, 
at his own expense, will be required to take whatever measures may be required to 
correct the interference. 


Canadian Compliance 


This digital apparatus does not exceed the class A limits for radio noise emissions from 
digital apparatus set out in the Radio Interference Regulations of the Canadian 
Department of Communications. 


Related Manuals 


Manuals providing reference and site preparation information for the coupler are listed 
as follows. Also listed are the subsystem user's guides which contain microcode 
information applicable to each specific configuration. 


Publication 
Title Number 
Computer Systems Site Preparation Peripheral Data 60275300 
NOS Version 2 Installation Handbook 60459320 
NOS/VE Installation and Upgrade Manual 60463913 
7990-31/7992-10 CDC Tape Storage Subsystem Reference Manual 60000423 
5680 CYBER Cartridge Tape Subsystem (CCTS) User's Guide 60000456 
5744 Automated Cartridge Subsystem (ACS) User's Guide 60000459 
CYBER Channel Coupler 19404-1/2/3/10/11/12 Hardware Maintenance 60000496 


Manual 


Ordering Manuals 
Control Data manuals are available through Control Data sales offices or through: 


Control Data 

Literature and Distribution Services 
308 North Dale Street 

St. Paul, MN 55103-2495 


The latest manual revision levels and ordering information are in the Literature and 
Distribution Services Catalog, publication number 90310500. 
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Submitting Comments 


Control Data welcomes your comments about this manual. Your comments may include 
your opinion of the usefulness of this manual, your suggestions for specific 
improvements, and the reporting of errors you have found. 


You can submit your comments via the comment sheet on the last page of this manual, 
or in the absence of this sheet, mail your comments to: 


Control Data 

Technical Publications, ARH219 
4201 Lexington Avenue North 
St. Paul, MN 55126-6198 
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General Description 1 


The CYBER Channel Coupler (CCC) contains the hardware necessary to connect a CDC 
CYBER 170/180 series computer to an attached peripheral subsystem that meets the 
requirements of a Federal Information Processing Standards (FIPS) device. The CCC 
requires that unique microcode be loaded into its memory for each type of peripheral 
subsystem it controls (for example, disk, tape, or printer subsystems). Refer to separate 
peripheral subsystem user guides listed under Related Manuals in About This Manual 
for controlware information applicable to the type of subsystem being used. 


The following paragraphs provide a basic description of the hardware configuration, 
subsystem configurations, functional description, and equipment specifications of the 
CCC. 


Product Descriptions 


The following paragraphs describe the differences between the various CCC products. 
Each coupler provides the hardware connection between a CYBER 170/180 computer 
input/output (I/O) channel and a FIPS compatible device. Each type of FIPS device 
requires different operating controlware. 


@ 19404-1 CCC: This product can be ordered without a CDC peripheral subsystem. 
The coupler includes a cabinet assembly that requires 400-Hz input power. This 
product does not include cables or terminators for the peripheral device. Cables and 
terminators must be provided by the peripheral supplier. 


@ 19404-2 CCC: This product can be ordered without a CDC peripheral subsystem. 
The coupler includes a cabinet assembly that requires 50/60-Hz input power. This 
product does not include cables or terminators for the peripheral device. Cables and 
terminators have to be provided by the peripheral supplier. 


@ 19404-3 CCC Upgrade: This product can be ordered without a CDC peripheral 
subsystem. This product does not include cables or terminators for the peripheral 
device. Cables and terminators must be provided by the peripheral supplier. The 
19404-3 CCC upgrade, which is housed in either a 19404-1 or 19404-2 CYBER 
channel coupler cabinet, consists of logic cards that comprise an additional coupler. 


@ 19404-10 CCC: This product cannot be ordered by itself; it must be ordered with a 
5680-11 CYBER Cartridge Tape Subsystem (CCTS) control unit or a 7990-31 or 
7992-10 MASSTOR control unit. This product includes a cabinet assembly that 
requires 400-Hz input power. 


@ 19404-11 CCC: This product cannot be ordered by itself; it must be ordered with a 
5680-11 CCTS control unit or a 7990-31 or 7992-10 MASSTOR control unit. This 
product includes a cabinet assembly that requires 50/60-Hz input power. 


@ 19404-12 CCC Upgrade: This product cannot be ordered by itself; it must be 
ordered with a 5680-11 CCTS control unit or a 7990-31 or 7992-10 MASSTOR 
control unit. The 19404-12 CCC upgrade, which is housed in either a 19404-1 or 
19404-2 CYBER channel coupler cabinet, consists of logic cards that comprise an 
additional coupler. 
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Hardware Configuration 


Hardware Configuration 


The CCC connects to a peripheral processor (PP) channel of a CYBER 170/180 
computer and a FIPS-compatible peripheral subsystem. The coupler consists of a data 
bus, processor, random-access memory (RAM), programmable read-only memory 
(PROM), CYBER channel interface, FIPS device interface, FIPS power contro! circuits, 
and transfer logic. These coupler elements are shown in block diagram form in figure 
1-1 and described in the following paragraphs. 


Data Bus 


The data bus interconnects the various components (processor, CYBER channel 
interface, FIPS device interface, RAM, and PROM) of the coupler. Use of the data bus 
is divided equally between the processor, CYBER channel interface, and the FIPS 
device interface. 


Processor 


The processor is an internally programmed, 16-bit device that decodes function 
commands from the PP and issues instructions that allow the functions to be 
performed. The processor consists of two major sections: a control section and an 
arithmetic section. The control section processes the function commands and sequences 
the various instructions. The arithmetic section performs all] related arithmetic 
operations. Refer to appendix B for additional information on the processor. 


FIPS CHANNEL | 
(TO SUBSYSTEM | 
CONTROL UNIT) 


FIPS DEVICE 
INTERFACE 


PROCESSOR 


PROM MEMORY 


POWER CABLING 
(TO FIPS POWER 
INTERFACE) 


FIPS POWER 
CONTROL 


CYBER 
CHANNEL 
INTERFACE 


TRANSFER 
LOGIC 


X04361 


CYBER CHANNEL 
(TO PERIPHERAL 
PROCESSOR) 


Figure 1-1. CYBER Channel Coupler Block Diagram 
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Hardware Configuration 


Random-Access Memory 


The RAM contains 32 768 words of memory having a maximum read access time 

of 85 nanoseconds. Each word is 16 bits in length. The addresses available for use are 
0000 through 7FFF,,¢. The microcode program is loaded into RAM from the PP for 
subsequent use by the processor. 


Programmable Read-Only Memory (PROM) 


The PROM contains 4096 16-bit words; the addresses available for use are 8000,¢ 
through 8FFF,,. Firmware consisting of autoload functions and internal coupler 
diagnostics is permanently coded in the PROM. 


CYBER Channel Interface 


The CYBER channel interface links the CYBER 170/180 PP channel to the processor 
and memory of the coupler. This PP channel is connected to the coupler via two 19-pin 
coaxial cables. All functions received from the PP (except the x5xx and x7xx diagnostic 
functions or functions that contain a channel parity error) are routed to the processor. 
The processor decodes the function and directs the CYBER channel interface to respond 
to the function. No response is sent to the PP if a parity error is detected. 


After sending an inactive to the PP channel in response to a function, the CYBER 
channel interface waits for the processor to inform it as to the type of write or read 
operation that will follow (if any). 


Federal Information Processing Standard (FIPS) Device Interface 


The FIPS device interface contains the receivers, transmitters, and control logic to 
drive the attached peripheral device. It also provides code translation and block 
identification (ID) generation for tape control units. 


The FIPS device interface does not use any interrupts. Therefore, no interrupt logic is 
connected and all logic associated with interrupts is disabled where possible. 


Federal Information Processing Standard (FIPS) Power Control 
Panel 


Two FIPS power contro] switches are provided on the power control panel to power two 
separate equipment chains. Each switch controls the power sequence to its respective 
peripheral device in accordance with the FIPS Channel Level Power Control Interface 
standard. 


Transfer Logic 


The transfer logic provides the necessary hardware to transfer data from the CYBER 
channel interface through memory to the FIPS device interface. This is accomplished 
through use of buffer registers. During the transfer, data is written into a 16K decimal 
byte buffer by one interface and read from that buffer by the other interface. 
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Subsystem Configurations 


Subsystem Configurations 


Each coupler can be accessed by only one PP channel, and each coupler provides 
control for only one cartridge tape or tape storage subsystem. Figures 1-2 and 1-3 show 
typical configurations for these types of subsystems, respectively. The figures depict 
examples of how the CCC is configured in the CDC 5680 CYBER Cartridge Tape 
Subsystem and the CDC 7992-10/7993-10 Tape Storage Subsystem. 


Note that the 19404-1/2/10/11 is the basic equipment with only one coupler installed in 
the cabinet, and the 19404-3/12 is an option that adds one additional coupler to the 
cabinet. The 19404-3/12 option consists of logic cards only. 


CYBER 170/180 
PP Channel 


19404-1/23/10N112 5680-14 5682-12/14 5682-12/14 
: MO04404 


Figure 1-2. Typical 5680 Cartridge Tape Subsystem Configuration 


Figure 1-3. Typical 7992-10/7993-10 Tape Storage Subsystem Configuration 
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Functional Description 


Functional Description 


The CCC is driven by a CYBER 170/180 series PP. All communication between the PP 
and the coupler is initiated by 12-bit function codes from the PP. Since the coupler is 
the only equipment on a channel, all.12 bits are used for function bits. The functions 
have a PP timeout of approximately 1 second (s) to avoid hanging the channel in a full 
condition should a hardware logic failure occur. The coupler replies to all legal function 
codes described in the applicable subsystem user's manual. 


The coupler microcode converts PP functions into commands that control the attached 
subsystem contro] units and devices. The coupler. microcode also converts subsystem 
status conditions to general and detailed status for use by the host operating system. 


The PP activates the channel prior to input or output of parameters or data and 
disconnects the channel after all output of parameters or data is complete. The coupler 
deactivates the channel after all PP input of parameters or data. Data transfer errors 
to or from the PP in which not all words were transferred are terminated by the 
microcode. Any other error condition in which the channel remains connected and 
active for a period of approximately 7 to 10 s is deactivated by the hardware. 


Equipment Specifications 


Equipment specifications, including power requirements, environmental operating 
conditions, physical characteristics, and I/O cable information is detailed within the 
CYBER Channel Coupler 19404-1/2/3/10/11/12 Hardware Maintenance Manual and the 
Computer Systems Site Preparation Peripheral Data manual, both of which are listed 
under Related Manuals in About This Manual. 
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Operation | 2 


This chapter provides information on the operating controls and indicators of the 
CYBER Channel Coupler (CCC) and its related operating procedures. Similar 
information is given in greater detail in the CYBER Channel Coupler 
19404-1/2/3/10/11/12 Hardware Maintenance Manual listed under Related Manuals in 
About This Manual. For similar information on the various subsystem peripheral 
devices that may be attached to the coupler, refer to the applicable Control Data 
publication for that device. 


Operating Controls and Indicators 


The only operator controls and indicators on the CCC are those that pertain to 
applying power to or removing power from the unit. These are shown in figure 2-1 and 
described in the following paragraphs. There are, however, additional controls and 
indicators that are used for maintenance purposes only. Because these are not for 
operator use, they are not described in this manual. Refer to the CYBER Channel 
Coupler Hardware Maintenance Manual for this information, if needed. 


19404-1/10 Coupler Power-On Controls 


The 50/60-Hz power disconnect switch, located on the power distribution panel of a 
19404-1 or 19404-10 CCC, applies 50/60-Hz input power to the coupler blower motor 
when placed in the ON position and removes power from the blower motor when placed 
in the OFF position. The 400-Hz power disconnect switch/circuit breaker, located on the 
power distribution panel of 19404-1 or a 19404-10 CCC, applies 400-Hz input power to 
the coupler power supplies when placed in the ON position and removes this power 
when placed in the OFF position. The integral circuit breaker provides overload 
protection to the power supplies. 


The power on indicator lamp, located on the extreme upper left corner of the cabinet 
front, remains lit when de power supplies within the cabinet are functioning. 


Power on unit A and B switches, located on the power control panel of the CCC, are 
used to apply power in a sequentially stepped fashion to two separate chains of 
peripheral subsystem devices connected to the CCC. 


19404-2/11 Coupler Power-On Controls 


The 50/60-Hz power disconnect switch/circuit breaker, located on the front panel of the 
power distribution box of a 19404-2 or 19404-11 CCC, applies 50/60-Hz input power to 
the coupler when placed in the ON position and removes this power when placed in the 
OFF position. The integral circuit breaker provides overload protection to the power 
supplies. 


The power on indicator lamp, located on the extreme upper left corner of the cabinet 
front, remains lit when de power supplies within the cabinet are functioning. 


Power on unit A and B switches, located on the power control panel of the CCC, are 
used to apply power in a sequentially stepped fashion to two separate chains of 
peripheral subsystem devices connected to the CCC. 
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Operating Controls and Indicators 
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Figure 2-1. 19404-1/10 Coupler Control and Indicator Locations 
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Operating Procedures 
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Figure 2-2. 19404-2/11 Coupler Control and Indicator Locations 


Operating Procedures 


The following paragraphs explain general operating procedures applicable to the CCC. 


Microcode Autoloading 


The appropriate microcode, which enables the coupler to control the attached peripheral 
subsystem, must be autoloaded into coupler random-access memory (RAM) before 
complete subsystem operation can occur. The following functions reside permanently in 
the coupler processor programmable read-only memory (PROM) to enable autoloading of 
the microcode. — 


0414, Autoload coupler microcode from peripheral processor (PP) 
O6uug Autoload coupler microcode from device 
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Operating Procedures 


These functions are described in detail in the following paragraphs. The prescribed 
autoload procedure depends upon site operating procedures, the operating system being 
used, the computer system configuration, and whether or not the computer system is 
running. Refer to the appropriate operating system installation handbook for Control 
Data recommended procedures (for example, refer to the NOS Version 2 Installation 
Handbook for NOS, or the NOS/VE Installation and Upgrade Manual for NOS/VE). 


Autoload Coupler Microcode from PP (0414,) 


This function initiates a microcode autoload from the PP to the coupler. During 
execution, the CYBER channel interface decodes the 0414, function, lights four 
light-emitting diodes (LEDs) located on internal printed-circuit (PC) boards, halts the 
coupler processor, and causes the FIPS device interface to go to an idle loop. The 
following diagnostics are then executed. 


@ The CYBER channel interface executes its universal-device-interface (UDI) 
diagnostic. If this diagnostic executes successfully, the CYBER channel interface 
turns off its LED (LED 6 on module A04) and starts the processor executing 
firmware microcode at PROM address 8000,¢ (the first code to execute is an 
instruction test). 


e If the test runs without error, the processor turns off its LED (on module A07) and 
executes a processor/CYBER channel interface interaction test. 


e@ If the processor/CYBER channel interface interaction test executes without error, a 
third LED is turned off (LED 2 on module A04) and the processor instructs the 
Federal Information Processing Standard (FIPS) device interface to execute its UDI 
diagnostic. 


@ If the UDI test is successful, the FIPS device interface turns off its LED (upper 
LED on module A12). 


If all the preceding diagnostics execute without error, a reply is generated for the 
autoload function. The lower 8 bits of each consecutive 12-bit microcode word are then 
transferred from PP memory to alternate upper and lower 8-bit byte positions in 
coupler RAM beginning at location 0030,¢. This method uses two 12-bit PP memory 
words to load each 16-bit coupler RAM word. The coupler remains in autoload mode 
until the PP disconnects the channel. A partial autoload of -four or fewer words can be 
performed to recover from channel timeout errors. Program execution is returned to the 
idle loop following a partial autoload. 


During full autoload, the coupler firmware does a memory test aiier the eighth word is 
received from the channel. If the test is successful, the firmware completes the 
autoload. After the PP disconnects the channel, the coupler firmware calculates a 
checksum from the microcode data loaded into the coupler RAM. If there is a memory 
test error or a checksum error, the coupler processor stops and the channel is 
deactivated by the deadman timer. If there are no errors, the coupler processor and 
FIPS interface interaction tests are executed. 


These tests are part of the downloaded microcode. If the interaction tests fail, the 
equipment switches are set wrong, or the microcode number in binary is wrong and 
general status is set to 5xxx (where xxx is an octal error code). Refer to the 


1. Both manuals are listed under Related Manuals in About This Manual. 
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appropriate peripheral subsystem user's guide for a listing of applicable error codes. If 
there are no errors, general status is set to zero; the coupler processor goes to an idle 
loop to wait for additional functions from the PP. 


Autoload Coupler Microcode from Device (06uug) 


The autoload coupler microcode from device function (O6uug) causes the coupler to 
execute the same diagnostics as in a full autoload microcode from PP function (0414s). 
If the diagnostics execute without error, the processor firmware checks the coupler 
hardware ‘switches to determine which device to load from. 


After the: coupler RAM is loaded with microcode data, the coupler firmware calculates 
a checksum and compares it with the correct value. If it doesn't compare, then either a 
function parity error has occurred, the microcode number is wrong, or the coupler 
couldn't load from the device. For these cases, an autoload function reply is not 
returned to the PP. If the coupler RAM is successfully loaded, an autoload function 
reply is returned to the PP, the device is released, and a jump is made to the coupler 
PROM idle loop. 
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Programming | 3 


This chapter provides information on the CYBER 170/180 peripheral processor (PP) 
programming functions applicable to the CYBER Channel Coupler (CCC). For 
programming information regarding the various microcode packages that may reside in 
the coupler for control of devices connected to the Federal Information Processing 
Standard (FIPS) device interface, refer to the appropriate peripheral subsystem user's 
guide listed under Related Manuals in About This Manual. Also note that all codes, 
including function and status codes, described in this chapter are octal unless otherwise 
specified. 


CYBER Channel Interface Function Types 


The CYBER channel interface performs six different types of functions under the 
direction of the processor and seven diagnostic functions without the direction of the 
processor. After replying to a function from the PP, the CYBER channel interface 
decodes three bits as the operation (op) code from random-access memory (RAM) 
location 0020; in order to determine the function type to be performed. The bit decode 
for the function type is described in detail under the Op-Code paragraph contained 
later in this chapter. The six different function types are: 


Direct memory access (DMA) write 
Direct memory access (DMA) read 
Universal device interface (UDI) write 
Universal device interface (UDI) read 
Microcode autoload 

Function only 


Anh wn YH 


The seven diagnostic functions are: 


Load address and length 
Read 
Write 

Status 

Stop 

Go 


Master clear 


eo ee 
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CYBER Channel Interface Function Types 


Direct-Memory-Access (DMA) Write Function 


Data received from the PP by the CYBER channel interface is assembled on the data 
bus and sent to RAM memory under hardware control. The CYBER channel interface 
generates a Valid Memory Address signal to indicate that a data word is ready to be 
written into memory. The address for all DMA data transfers is controlled elsewhere 
by the transfer logic described later in this chapter. Data continues to be assembled 
and written into memory until the channel or processor terminates the operation. Data 
cannot be written into memory if the buffer becomes full as indicated by the transfer 
logic. Also, if a short write is indicated by the processor, the number of characters 
written during 18-track assembly/disassembly mode is 3n+2, where n is any integer. If 
an odd number of 8-bit bytes are sent to memory in 16-bit mode, an Odd Byte signal 
is sent to the FIPS device interface to prevent the last lower 8-bit byte from being sent 
to the peripheral device. 


There are two types of data assembly applicable to the DMA write function. Typical 
applications for these types of data assembly are as follows. 


@ 8-bit assembly mode (figure 3-1) 
® 16-bit assembly mode (figure 3-2) 


NOTE __ 


Although not shown in detail in the following figures, when in 8-bit mode, the byte 
written into the upper half of the 16-bit memory word is also written into the lower 
half. 
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16-BIT COUPLER MEMORY WORDS 


| r 


BIT 8B 


| 
| 
| 
| 


X04362 | 


Figure 3-1. 8-Bit Assembly Mode 
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12-BIT 
CHANNEL 16-BIT COUPLER MEMORY WORDS 
WORDS 
BIT 11 BIT O 
BYTE 
1 
BIT 4 BIT 7 
BIT 3 BIT 8 | 
BIT 0 
- BYTE 
2 
BIT 11 
BIT 15 
BIT 8 | 
BIT 7 | 
| 
| 
BIT 0 | x04363 


Figure 3-2. 16-Bit Assembly Mode 
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Direct Memory Access (DMA) Read Function 


Data read from memory during a DMA read function is disassembled in the CYBER 
channel interface and sent to the PP under hardware control. The CYBER channel 
interface generates a Valid Memory Address signal to read each word from memory. 
Memory continues to be read and data is transferred until all the data is sent, in 
which case, the CYBER channel interface then disconnects the channel. The operation 
may be terminated early by the channel or the processor. Data cannot be read from 
memory if the memory buffer area becomes empty as indicated by the transfer logic. 
The address for all DMA data transfers is controlled by the transfer logic. The FIPS 
interface logic supplies an odd byte signal in 16-bit mode if an odd number of 8-bit 
bytes are to be disassembled from memory. If reverse read is set in the processor 
control register, each byte of data read from memory is assembled in the reverse order. 


There are four types of data disassembly applicable to the DMA read function. Typical 
applications for these types of data assembly are as follows. 


@ 8-bit disassembly mode (figure 3-3) 
@ 16-bit disassembly mode (figure 3-4) 
-@ Reverse read in 8-bit disassembly mode (figure 3-5) 


@ Reverse read in 16-bit disassembly mode (figure 3-6) 
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CYBER Channel Interface Function Types 


CHANNEL 16-BIT COUPLER MEMORY WORDS 


BIT 4 - 
BIT 3 


BIT 0 


BIT 11, 


BIT 8 
BIT 7 


BIT O 


X06364 


Figure 3-3. 8-Bit Disassembly Mode 
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CHANNEL 16-BIT COUPLER MEMORY WORDS 


BIT 0 BIT 0 


1 
{ 
BYTE 
3 
BIT 4 BIT 7 BIT 7 
BIT 3 BIT 8 BIT 8 
| 
BIT 0 
BIT 11 
BIT 15 BIT 15 | 
BIT 8 a | 
BIT 7 
| 
| 
BIT 0 x04365 


Figure 3-4. 16-Bit Disassembly Mode 
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16-BIT COUPLER MEMORY WORDS 


BIT 0 BIT O BIT 0 


X04366 


Figure 3-5. Reverse Read in 8-Bit Disassembly Mode 
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e 12-BIT 

| CHANNEL 16-BIT COUPLER MEMORY WORDS 

| BIT 0 
| 

| 

| 

BIT 7 
| BIT 8 
| 

| 

| 

! 

| 

| 


— 


‘Figure 3-6. Reverse Read in 16-Bit Disassembly Mode 
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CYBER Channel! Interface Function Types 


Universal-Device-Interface (UDI) Write Function 


During a UDI write function, both data and address are under microcode control via 
the CYBER channel interface. An address and length provided by the processor is 
loaded into the address and length registers in the CYBER channel interface. Data is 
then written into memory until the channel terminates the operation. If the channel 
goes inactive before the length register decrements to zero, the CYBER channel 
interface sends both a Normal End and a Transfer Indicator status signal to the | 
processor. If the length register has decremented to zero and the channel goes inactive, 
the CYBER channel interface sends only a Normal End status signal to the processor. 
If the channel sends more data than indicated by the length register, the CYBER 
channel interface continues to accept data from the channel but does not store any 
more data in memory than is indicated by the length register. When the channel goes 
inactive, the CYBER channel interface sends a Transfer Indicator status signal to the 
processor without the Normal End signal. 


The data assembly for a UDI write function is shown in figure 3-7. 


16-BIT COUPLER 
MEMORY WORD 


Figure 3-7. UDI Write Data Assembly 
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Universal-Device-Interface (UDI) Read Function 


During a UDI read function, both data and address are under microcode control via the 
CYBER channel interface. An address and length provided by the processor is loaded 
into the address and length registers in the CYBER channel interface. Data is read 
from memory until the length register decrements to zero, at which time the CYBER 
channel interface disconnects the channel and sends a Normal End status to the 
processor. If the channel goes inactive before the length register decrements to zero, 
the CYBER channel interface sends Normal End and Transfer Indicator status signals 
to the processor. If a memory parity error is sensed on the data to be sent to the 
channel, the CYBER channel interface disconnects the channel early and sets Memory 
Parity Error (PE) in location 0024,, of memory. The data disassembly for a 12-bit UDI 
read function is shown in figure 3-8. The data disassembly for a 16-bit UDI read 
function is shown in figure 3-9. 


16-BIT COUPLER 
MEMORY WORD 


Figure 3-8. 12-Bit UDI Read Data Disassembly 
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16-B8IT COUPLER MEMORY WORDS 


BIT O 


Figure 3-9. 16-Bit UDI Read Data Disassembly 
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CYBER Channel Interface Function Types 


Microcode Autoload Function 


The microcode in the CYBER channel interface decodes the microcode autoload function 
(either an autoload from the peripheral device or an autoload from the PP). Upon 
decoding the function, the CYBER channel interface issues a Bus master clear (MC), 
which lights all four internal diagnostic light-emitting diodes (LEDs),! stops the 
processor, and causes the interface to enter an idle loop. The CYBER channel interface 
then sends the microcode autoload function code to memory location 0023,,¢, with bit 0 
(function present) also set, and sends the coupler identification data to memory location 
0025,, (refer to the control package definition paragraph for description of these 
memory locations). The CYBER channel interface then performs an internal diagnostic 
and turns off its LED 6 if successful (bottom LED on logic module A04 for 
19404-1/2/10/11 or A18 19404-3/12). The CYBER channel interface then starts the 
processor running its internal diagnostic. After successful completion of the processor 
diagnostic, the LED on module A07 (19404-1/2/10/11) or A21 (19404-3/12) is turned off. 
The CYBER channel interface and processor then run an interaction diagnostic. If 
successful, the processor instructs the CYBER channel interface to turn off the 
interaction diagnostic LED [upper LED on logic module All (19404-1/2/10/11) or A25 
(19404-3/12)]. A processor and FIPS interface interaction diagnostic is run next. When 
this test has successfully completed, their associated LEDs are turned off, and the 
processor directs the CYBER channel interface to reply to the microcode autoload 
function. If the microcode is to be loaded via the peripheral device, the processor 
presents a function-only command to the CYBER channel interface. If the microcode is 
to be loaded via the PP, the processor sends a microcode autoload function command to 
the CYBER channel interface and the CYBER channel interface initiates a routine 
similar to that described for the UDI write function. The difference is that when the 
length decrements to zero, the CYBER channel interface stops assembling data and 
sends a Transfer Indicator signal to the processor. If the processor wishes to disconnect 
the channel at this time, it sets op-code altered with the data disconnect bit set in the 
op-code. If the processor wishes to continue, it sets op-code altered with the microcode 
autoload to continue bit set in the op-code. The CYBER channel interface then loads a 
new address and length and continues. The previous length count must always be an 
even number for microcode autoload to continue to work properly. Data assembly for 
the microcode autoload function is as shown in figure 3-10. 


Modules with LED indicators are located in the logic chassis of the various couplers as 
follow. 


Module 19404-1/2/10/11 19404-3/12 
CYBER Status A04 Ai18 
Memory A07 A21 

FIPS 2 All A25 

FIPS 3 A12 A26 
Maintenance Al4 - 


1. LED 2 and 6 on module A04 (19404-1/2/10/11) or A18 (19404-3/12), LED on module A07 (19404-1/2/10/11) 
or A21 (19404-3/12), and lower LED on module All (19404-1/2/10/11) or A25 (19404-3/12). 
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BIT 8 16-BIT COUPLER 


MEMORY WORD 


BIT 7 


Figure 3-10. Microcode Autoload Data Assembly 
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Function-Only Function 


A data transfer is not required for the function-only function. Following the response to 
this function, the microcode returns to the idle loop. 


Diagnostic Functions 


The following diagnostic functions are decoded via the CYBER channel interface 
independent of the processor. 


x5xx Load Address and Length Function 


The x5xx load address and length function allows the PP to activate the channel and 
output up to two words of data. The lower four bits of the function code (xx) are used 
as the upper, four most-significant bits (MSBs) in the address register. The first word 
received from the channel is used to complete the loading of the address register. The 
second word received from the channel is loaded into the length register with the 
upper four bits of the 16-bit register zero-filled. No response is made to any further 
words received from the channel resulting in possible channel hangs if attempted. This 
function also clears status register file 1. 


x701 Read Function 


The x701 read function allows the PP to activate the channel and input length times 
two words. The upper eight bits of the word referenced by the address register are 
transferred first with the upper four bits of the 12-bit channel word zero-filled. The 
lower eight bits of the data referenced by the address register are then transmitted in 
the same manner as the first. The address is incremented, the length is decremented, 
and the process continues. The CYBER channel interface deactivates the channel when 
length equals zero. The PP may terminate the operation early if so desired. The 
address and length must be loaded prior to any x701 read function for data to be valid. 
Memory parity error is checked at the end of the transfer and logged as status in 
register file 1. 


x702 Write Function 


The x702 write function allows the PP to activate the channel and output as many 
words as desired. Only the address needs to be loaded via the x5xx load address and 
length function as the length register is ignored. The lower eight bits of the first word 
received are loaded into the upper eight bits of a holding register. The lower eight bits 
of the second word received are loaded into the lower eight bits of the holding register. 
The content of the holding register is then transmitted to memory. The transfer is 
terminated by an inactive from the channel. The address must be loaded prior to every 
x702 write function received to ensure that data is written in the correct memory 
location. If an odd number of words is received from the channel, the lower eight bits 
of the last word sent to memory are zero-filled. 
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x704 Status Function 


This function allows the PP to activate the channel and input one word of status 
(register file 1). The CYBER channel interface deactivates the channel after sending 
the status word. The status bits are as follows. 


Bit Description 


11 Normal end 
10 Channel! parity error 
9 Memory parity error 


Deadman timeout 
7 Control package parity error 
6 Transfer indicator 
5 Character fill 
4 (Not used) 
3 Length equals zero 
2 DMA complete 
1 Processor running 
Processor abnormal 


Bits 5 through 11 reflect the last status sent to memory location 0024), following an 
operation that involved the processor. For a description of these bits, refer to Status 
Description heading. A load address and length function (x5xx) clears bits 5 through 11 
leaving only bits 8 through 10 valid for diagnostic functions. Bits 0 through 3 are 
status bits that reflect the state of the logic at the time the status function is received. 
The bit descriptions are as follows. | 


Bit Description 

0 Processor abnormal: the processor has stopped” 

1 Processor running: the processor is running. 

2 DMA complete: the last DMA operation has been completed. 
3 Length equals zero: the length register equals zero. 


x710 Stop Function 


This function causes the processor to stop. 


x720 Go Function 


This function causes the processor to go (start). LED 1° lights on A06/A20 when the 
processor is running. LED 2 lights on A06/A20 if the processor detects a parity error. 


x740 Master Clear Function 


This function master clears the processor and FIPS interface logic. 


2. For example, the processor may stop due to a processor memory parity error. 
3. LED 1 is not present on all modules. 
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CYBER Channel Interface Control Package 


The control package provides communication between the CYBER channel interface and 
the processor. It consists of six 16-bit words contained in memory locations 0020,, 
through 0025,,¢. These are defined in the following paragraphs. 


Words written into memory locations by the processor are as follows: 


00201, Operation (op) code 
0021;, Address , 
002216 Length 


Words written into memory locations by the CYBER channel interface are as follows: 


0023, Function 
0 024, 6 Status 
0025,, Coupler identification 


Operation (Op) Code 


The op-code contained in location 0020;,¢ is operated on by the CYBER channel 
interface whenever the processor writes into location C000,, and the data read from 
location 0020,, has good parity. A write to location C000,, by the processor sets a 
flip-flop called op-code altered. This indicates to the CYBER channel interface that the 
processor has an operation to be performed as specified by contents of memory location 
0020,,. If parity is not correct, bit 12 of the status word at location 0024,, is set and 
the CYBER channel interface’ does not perform any functions. The bit significance of 
the op-code word is shown in figure 3-11. 


012 3 4 5 6 7 8 9 1011 12 13 14 15 


NOT USED 
DATA DISCONNECT (DCN) 
FUNCTION DCN 
REVERSE READ 
DISABLE PAUSE 
PAUSE = 322 
CYBER CHANNEL INTERFACE/PROCESSOR INTERACTION LED OFF 
16-8IT MODE 
7 TRACK 
SHORT WRITE 
LOAD PROCESSOR CONTROL REGISTER 
SYNC BIT 


~~ ee 
FUNCTION MICROCODE AUTOLOAD CONTINUE 
DECODE 


Figure 3-11. Control Package Op-Code Bit Format 
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Synchronous (Sync) Bit — Bit 0 


The sync bit is wired to a test point and used for checkout purposes only. 


Load Processor Control Register - Bit 1 


This bit instructs the CYBER channel interface to strobe bits 2 through 8 of the 
op-code into the processor contro] register. The load processor control register bit and 
function disconnect (DCN) bit may be present at the same time. 


Short Write - Bit 2 


The short write bit causes the number of characters written to be 3n+2 during 
18-track assembly/disassembly mode, where n is any integer. 


7 Track - Bit 3 


The absence of this bit results in the use of the 18-track tape and disk 
assembly/disassembly format. 


16-Bit Mode - Bit 4 


This bit causes DMA write, DMA read, and UDI read operations to assemble and 
disassemble data in 16-bit mode. The absence of this bit results in data being 
assembled and disassembled in 8-bit mode (12-bit mode in UDI read operation). 


CYBER Channel Interface/Processor Interaction LED Off - Bit 5 


This bit turns the interaction diagnostic LED off. 


Pause = 322 - Bit 6 


The pause circuit is enabled during a read operation causing the CYBER channel 
interface logic to send an inactive signal after 322 words are transferred between the 
PP channel and the CYBER channel interface. The absence of this bit causes a 10 
millisecond (ms) pause to occur after 320 words are transferred. This bit is present 
only during DMA read operations from the disk to inform the microcode to disconnect 
the channel. The channel interface logic clears the pause circuit when it transmits an 
Inactive signal to the channel. 


Disable Pause - Bit 7 


This bit disables the pause circuit. 


Reverse Read - Bit 8 


This bit causes the DMA read data to be assembled in reverse order. 


Function DCN - Bit 9 


This bit causes the CYBER channel interface to reply to the function and set or clear 
internal logic based on the function decode. This bit and the load processor control 
register bit may be present at the same time. 
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Function Decode - Bits 10 Through 12 
Bits 10, 11, and 12 are decoded to specify functions as follows: 


Bit Bit Bit 
10 11 12 Function 


0 0 0 DMA write 

0 0 1 DMA read 

0 1 0 UDI write 

0 1 1 UDI read 

1 0 0 CW autoload 
1 0 1 Function only 


Data Disconnect (DCN) - Bit 13 


The data DCN bit causes the CYBER channel interface to terminate any DMA write or 
read operation and send an Inactive signal to the channel. This bit is also used as a 
response to the Transfer Indicator signal during a microcode autoload function to cause 
the CYBER channel interface to send an Inactive to the channel. Appropriate channel 
protection is provided in the microcode to prevent Inactive signals from going both 
ways on the channel at the same time. The data DCN bit must not be used for UDI 
read or write operations. When this bit is set, bits 9 and 15 in the op-code must be 


clear. 


NOTE 


Any op-code altered condition during a DMA operation is assumed by the CYBER 
channel interface to be a data DCN as no other bits are valid during the DMA 


operation. 


Bit 14 


Bit 14 is not used. 


Microcode Autoload Continue — Bit 15 


This bit causes the CYBER channel interface to load a new address and length into 
the address and length registers of its UDI. The bit indicates that the processor is 
continuing with the microcode autoload function. When bit 15 is set, bits 9 and 13 in 
the op-code must be clear. 
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Address 


The address for the address information is 0021,,¢. These 16 bits are used to load the 
address register on the UDI board at the start of a UDI write, UDI read, microcode 
autoload, or microcode autoload continue operation. 


Length 


The address for the length information is 0022,;¢. These 16 bits are used to load the 
length register on the UDI board at the start of a UDI write, UDI read, microcode 
autoload, or microcode autoload continue operation. 


Function 


The address for the function information is 0023,¢. All undefined bits are zeros. The 
format for the function word is shown in figure 3-12. The following paragraphs describe 
their use. 


[pe eee ee 


01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


eee, 


NOT FUNCTION CODE 
USED 


FUNCTION PRESENT X04373 
Figure 3-12. Function Word Format (Control Package) 


Function Present - Bit 0 


This bit indicates that a function code is present in bits 4 through 15 for the processor 
to decode and act upon. 


Bits 1 Through 3 


These bits are not used. 


Function Code — Bits 4 Through 15 


Bits 4 through 15 contain the function code. These bits correspond to channel bits 11 
through 0 respectively. That is, bit 15 of the function word and channel bit 0 are the 
least significant bits. 


Status 
The address for the status information is 0024,,. All undefined bits are zeros. The 


format for the status word is as shown in figure 3-13 and the bit definitions are 
described in the following paragraphs. 
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oO 1 2t3tt 4 5 6 7 8 9 10 11 12 13 14 15 


SA IR, oe ET ETT | 
CHARACTER FILL 


TRANSFER INDICATOR 
CONTROL PACKAGE PE 


DEADMAN TIMEOUT 


t INTERACTION QL TEST COMPLETE MEMORY PE 
tt CYBER OL TEST COMPLETE 


CHANNEL PE 
NORMAL END 


Figure 3-13. Status Word Format (Control Package) 


Bits 0 Through 7 


These bits are not used. 


Normal End - Bit 8 


The normal-end bit informs the processor that the CYBER channel interface has 
completed the current data operation without any errors (no channel PE, memory 
parity error (PE), deadman timeout, or control package PE). 


Channel PE - Bit 9 


This bit informs the processor that the CYBER channel interface has completed a write 
operation and has detected a channel parity error. The normal-end status bit is not set 
if this condition occurs. 


Memory PE - Bit 10 


This bit tells the processor that the CYBER channel interface has completed a read 
operation and has detected a memory parity error. The normal-end status bit is not set 
if this condition occurs. 


Deadman Timeout - Bit 11 


This bit informs the processor that a deadman timeout occurred. LED-4 on the A18 
(19404-3/12) logic module lights when this condition occurs and is turned off when the 
next function code or op-code altered bit is received. The normal-end status bit is not 
set if this condition occurs. 
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Control Package PE - Bit 12 


This bit tells the processor that a memory parity error was detected while trying to 
read from memory locations 0020,,¢, 0021;,¢, or 0022,,. The normal-end status bit is not 
set if this condition occurs. The lower LED on the All (19404-1/2/10/11) or A25 
(19404-3/12) logic module lights when this error occurs and is cleared when the next 
function or op-code altered is received. 


Transfer Indicator - Bit 13 


When this bit is present along with the normal-end bit, it indicates that the channel 
went inactive before the length register decremented to zero during a UDI write, UDI 
read, or microcode autoload operation or the channel went inactive before reading all 
the data during a DMA read operation. The presence of a transfer indicator bit without 
a normal-end bit indicates that the length register decremented to zero during a 
microcode autoload and the channel is still active or the length register went to zero 
during a UDI write and the channel continued to send data. 


Character Fill - Bit 14 


This bit is used during tape read operations. When this bit is present along with a 
normal-end bit, it indicates the following. 


e@ The lower six or eight bits of the final data word returned to the PP during a tape 
read operation contain fill bits; or 


e@ The upper six or eight bits of the final data word returned to the PP during a 
reverse tape read operation contain fill bits. 


This gives the character an undefined value. If only the lower four bits of the final 
data word are fill bits (upper four bits for reverse read), the character fill bit does not 
set. If this bit is present during a disk read operation, it indicates that not all words 
were received from the disk. | 


Bit 15 
This bit is not used. 
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Coupler Identification 


The memory address for the coupler identification information is 0025,,. This 
information is written following an escape caused by either a power-on application, 
pushbutton master clear, or channel master clear and also before execution of the 
CYBER channel interface diagnostics. The format for the coupler identification word is 
as shown in figure 3-14 and the bit definitions are described in the following 


paragraphs. 


3 


4 5 6 7 


eA gg SEITE TE! 
L 1D NUMBER 
SW1-8 REPEAT FIPS LOOPBACK TEST 


8 9 10 11 12 13 14 15 


SW1-7 ENABLE FIPS LOOPBACK TEST 
SW1-6 SPARE 


SW1-5 NOT LOOP ON DIAGNOSTIC 
SW1-4 EQUIPMENT TYPE 
SW1-3 EQUIPMENT TYPE 
SW1-2 EQUIPMENT TYPE 


SW1-1 PARITY ENABLED X04375 


Figure 3-14. Coupler Identification Word Format (Control Package) 


SW1-1 Parity Enabled - Bit 0 


Bit 0 is set when the SW1-1 switch on logic module A04 (19404-1/2/10/11) or 

A18 (19404-3/12) is in the OFF position. This indicates that the CYBER channel 
interface checks for odd parity on all data and functions received from the channel. Bit 
0 is cleared when SW1-1 is in the ON position and indicates that parity is disabled 
(not checked). 


SW1-2, SW1-3, Sand W1-4 Equipment Type - Bits 1 Through 3 


These three switches on logic module A04 (19404-1/2/10/11) or A18 (19404-3/12) are 
used to define the equipment type that is connected to the coupler. A switch in the 
OFF position indicates a set (bit logical 1). Current equipment types defined for the 
various bit combinations derived from the switch settings are as follows: 


SW1-2 SW1-3 SW1-4 Device Type 
0 0 1 Tape (5860 CYBER Cartridge Tape Subsystem) 


SW1-5 Not Loop On Diagnostic - Bit 4 


Bit 4 is set when switch SW1-5 on logic module A04 (19404-1/2/10/11) or A18 
(19404-3/12) is in the OFF position. This specifies that the CYBER channel interface 
will not loop on its diagnostic routine. If SW1-5 is in the ON position, the CYBER 
channel interface loops on its diagnostic and never reaches the idle routine. The ON 
position is used for checkout purposes only. 
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SW1-7 Enable FIPS Loopback Test - Bit 6 — 


Bit 6 is set when switch SW1-7 on logic module A04 (19404-1/2/10/11) or A18 
(19404-3/12) is in the OFF position. If SW1-7 is in the ON position, the FIPS quicklook 
test adds a loopback test at the end of its quicklook test. The loopback connector plugs 
must be installed on the FIPS cable connectors. This switch is used for checkout only. 


SW1-8 Repeat FIPS Loopback Test - Bit 7 


Bit 7 is set when switch SW1-8 on logic module A04 (19404-1/2/10/11) or A18 
(19404-3/12) is in the OFF position. If SW1-8 is in the ON position, the loopback test 
is repeated. This switch is used for checkout only. 


ID Number - Bits 8 Through 15 


Bits 8 through 15 are the ID numbers for the CYBER channel coupler. The ID number 
can be wired on the logic backpanel. 
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CYBER Channel Interface Escape Logic 


Circuits in the UDI logic of the CYBER channel interface allow operations to escape 
(microcode returns to location zero) following a power-on master clear, channel master 
clear, pushbutton master clear, microcode master clear, and deadman timeout. 


Bus (Power-On) Master Clear 


The following sequence occurs when the CYBER channel interface detects a bis master 
clear due to power-on application. 


._. 1. UDI microcode in the CYBER channel interface escapes. 


____ 2. The CYBER channel interface issues a bus master clear, which lights all four 
diagnostic LEDs, stops the processor, and causes the FIPS microcode to escape. 


__. 3. The CYBER channel interface clears locations 0020,;, through 0027;, and sends 
the control package coupler identification word to location 0025j,. 


_... 4. The CYBER channel interface executes its diagnostic and, if it runs successfully, 
it turns off LED 6 on logic module A04 (19404-1/2/10/11) or A18 (19404-3/12). 


— 5.The CYBER channel interface causes the processor to run its diagnostic and, if 
it is successful, the processor turns off the processor diagnostic LED located on 
logic module All (19404-1/2/10/11) or A18 (19404-3/12). 


—._ 6. The processor and CYBER channel interface run an interaction diagnostic and, 
if it runs successfully, the interaction diagnostic LED is turned off (LED 2 on 
logic module A04 for 19404-1/2/10/11 or A18 19404-3/12). 


__._7. The processor and FIPS interface run an interaction diagnostic and, if it runs 


successfully, the upper LED on logic module All (19404-1/2/10/11) or A25 
(19404-3/12) is turned off. 


Channel Master Clear 


The exact same sequence as that described for a bus (power-on) master clear is 
performed for a channel master clear. 


Pushbutton Master Clear 


The exact same sequence as that described for a bus (power-on) master clear is 
performed for a pushbutton master clear. 


Microcode Master Clear 
A microcode master clear is initiated when the processor writes into location C002,,. 


This causes the CYBER channel interface to escape to the idle loop and clears the 
logic circuits that are under microcode control. No diagnostics are executed. 
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Deadman Timeout 


A deadman timeout is enabled for any read or write function that monitors the channel 
for a hung condition. When it detects that an active channel has not transferred a 
word for the last 7.0 to 10.0 seconds (s), the CYBER channel interface deactivates the 
channel, informs the processor of the condition, and lights LED 4 on logic module A04 
(19404-1/2/10/11) or A18 (19404-3/12). The LED is cleared upon receipt of a new 
function or altered op-code. 
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CYBER Channel Interface UDI 


The UDI module used in the CYBER channel interface performs the following logic 
functions under microcode control. 


@ Tests bit and control epiiditions 

e@ Assembles and disassembles data 

@ Sets and clears bits of a word 

@ Clocks register and control flip-flops 

@ Sets and clears addressable latches for control setup and response 


Figure 3-15 shows a block diagram of the UDI and its associated data and control 
registers. 


The UDI uses an 8x02 integrated circuit sequencer, 2048 words of 24-bit programmable 
read-only memory (PROM), and an internal tristate bus (I bus) for gating selected , 
registers or conditions to a selected destination. The UDI module also contains an 
assembly/disassembly register, a shift network, a 16-word file register, a decrementing 
length register, an incrementing address register with tristate outputs, and various 
control elements. The registers are 16 bits in length. The instruction cycle time is 160 
nanoseconds (ns). 
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Figure 3-15. UDI Block Diagram 
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8x02 Control Sequencer 


The 8x02 integrated circuit sequencer is an address modifier for sequencing micro- 
instructions in the UDI. The address output of the 8x02 selects a PROM address. The 
data from the selected PROM address forms the current microinstruction. The address 
control functions of the sequencer are listed within the tabular information of figure 


3-16. 
Stack 


Function Code |: 
Function Function 0 1 2 Test Next 

Mnemonic Description (22) (21) (29) Result Address Address 
TSK Test and skip False Current | Nochange | No change 

; * plus 1 
True Current {| Nochange | No change 

plus 2 

increment Current {Nochange | No change 
plus 1 


Branch to loop if False Current Decrease 
test result true plus 1 


Memory | Memory 
Stack 


Pointer 


Stack 
register 
file 


Stack POP Decrease 
register (read) 
file 


Current | Nochange | No change 
plus 1 


Decrease 


POP stack 


Branch 
subroutine if 
test result true 


Branch 
address 


PUSH 
(current 
plus 1) 


PUSH 
(current 
adrs) 


Increase 


Push for looping Current 
plus 1 


Branch if test 
result true 


Current 
plus 1 


No change | No change 


True Branch | Nochange | No change 
address 


Set No change | No change 
microprogram 
adderss output 
to zero 


Figure 3-16. Address Control Functions of Sequencer 
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UDI Microinstructions 


The CYBER channel interface UDI has three types of microinstructions. These are 
defined as test, assembly/disassembly, and auxiliary instructions. 


Test Instruction 


The format of the CYBER channel interface UDI test instruction is shown in figure 
3-17. The test instruction is used for branch control by testing bits or control 
conditions and altering the microinstruction execution sequence. Bit definitions for the 
test instruction are described in the following paragraphs. 


| 
12 3 4 § 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


i 
1 BUS TEST REGISTER | 

USAGE BIT SEL : FILE 
ADDRESS | 
| 
TEST DEVICE _——$: — | 
TRUE/FALSE DEFINED BRANCH ADDRESS | 
SEQUENCER FUNCTION CODE TEST HISTORY X04377 | 
{ 


Figure 3-17. Test Instruction Format 


Sequencer Function Code — Bits 0 Through 2 


These three bits select the function code of the 8x02 sequencer. Only the following 
even function codes are used with the test instruction: 


Bit Bit Bit 


0 1 2 Function 

0 0 0 Test and skip (TSK) 

0 1 0 Branch to loop if test result true (BLT) 

1 0 0 Branch to subroutine if test result true (BSR) 
1 1 0 Branch if test result true (BRT) 


Test Specified Bit for True or False - Bit 3 


The state of bit 3 (set or clear) enables a true or false check of the test bit (one of 16 
I-bus bits) specified by bits 9 through 12. 


@ When bit 3 is set and the test bit is set, a branch is made according to the true 
condition of the test result shown in figure 3-16. 


@ When bit 3 is clear and the test bit is clear, a branch is also made according to 
the true condition of the test result shown in figure 3-16. 


e If only one bit is set, an exit is made to the current address plus one (false 
condition in figure 3-16). 
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I-Bus Usage —- Bits 4 Through 7 


Bits 4 through 7 provide a code that selects which register is gated onto the I bus. The 
decode for these bits is as follows: 


Bit 4: 


If address or length count register is selected, do the following. 


@ Select address register if bit 4 = 1. 
e Select length count register if bit 4 = 0. 


If PROM data is selected, do the following. 


e@ Set I-bus bits 0 through 7 to zero if bit 4 = 1. 
@ Set I-bus bits 0 through 7 to all ones if bit 4 = 0. 


Bits 5 through 7: 


Bit Bit Bit 

5 6 7 Function 

0 0 0 Control flag register 

0 0 1 Data bus receive register 

0 1 0 Device receive register 

0 1 1 PROM data (bits 16 through 23 to I bus bits 8 through 15) 
1 0 0 Assembly/disassembly register. 

1 0 1 Not used 

1 1 0 Enable address or length count register 

1 1 1 Register file (1 of 16, selected by bits 20 through 23) 


Device Defined Bit - Bit 8 


This is a PROM bit that is sent directly from the PROM output to a backpanel pin on 
the UDI module. The use of this bit is defined by each device interface. 


Test Bit Select - Bits 9 Through 12 


These four bits select which bit of the 16 I-bus bits is to be used for testing. Decodes 
of 0000 through 1111, select I-bus bits 0 through 15, respectively. 


Test History - Bit 13 


The state of the test input line to the 8x02 sequencer is latched at the end of each test 
instruction. In order to use the test history bit, a second test instruction with bit 13 = 
1 must follow the first test instruction which selects the needed I-bus bit from the test 
multiplexer. 


Branch Address - Bits 14 Through 23 
These bits select the branch address if a branch is executed. The branch address is 


used only with the BSR branch-to-subroutine-if-test-result-true and BRT 
branch-if-test-result-true sequencer function codes. 
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Register File Address - Bits 20 Through 23 | 


These four bits are used only with the TSK (test and skip) and BLT (branch to loop if 
test result true) sequencer function codes to select one of 16 register files. The I-bus 
usage bits are used to select the register file address. 


Assembly/Disassembly Instruction 


The format of the CYBER channel interface UDI assembly/disassembly instruction is 
shown in figure 3-18. This instruction is used for assembly, disassembly, and data 
transfer operations as described in the following paragraphs. 


aha uaderisaeee || 


{ 
0 1 2 3 4 5 6&6 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 | 
SS | 
| BUS ASSY/ REGISTER 
USAGE DISASSY FILE 
REGISTER ADDRESS 
CLOCK OR 
MISCELLANEOUS 
CLOCK 
SUBCODE 
SEQUENCER 1 
FUNCTION | NOT USED (AUXILIARY SELECT CODE) | 
“one SHIFT SELECT 
REGISTER CLOCK 


DEVICE DEFINED X04378 | 


ee ee ae, ee Se | 


Figure 3-18. Assembly/Disassembly Instruction Format 


Sequencer Function Code — Bits 0 Through 2 


These three bits select the function code of the 8x02 sequencer. Only the following odd 
function codes are used with the assembly/disassembly instruction. 


Bit Bit Bit 


0 1 2 Function 

0 0 1 Increment (INC) 

0 1 1 Pop stack (POP) 

: 0 1 Push for looping (PLP) 

1 1 1 Set microprogram address to zero (RST) 


Subcode — Bit 3 
This bit is held at a logical 1 level for this instruction. 


I-Bus Usage - Bits 4 Through 7 


These bits are used the same for all UDI instructions. See test instruction for 
definition (discussed previously). 
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Device Defined — Bit 8 


This bit is used the same for all UDI instructions. See test instruction for definition 
(discussed previously). 


Register Clock - Bits 9 Through 11 


These bits provide for the selective clocking (data transfer) of registers from the I bus. 
The bits are decoded as follows: 


Bit Bit Bit 

9 10 11 Function 

No operation 

Data bus transmit (T) register 
Device transmit (X1) tegister 
Processor control register 
Assembly/disassembly register 
Address counter register 
Length counter register 
Register file write (1 of 16) 


HH eH OOOO 
He OOK © © 
KH Or oror o 


Shift Select - Bits 12 and 13 


These two bits determine the shift count of data clocked into either the assembly/ 
disassembly register, address counter, length counter, or register file from the I bus. 
They decode to effect an end-around left shift as follows. 


Bit Bit 

12 13 Function 

0 0 No shift 

0 1 Left shift 4 places 
1 0 Left shift 8 places 
1 1 Left shift 12 places 


Auxiliary Select Code - Bits 14 and 15 


These bits are not used with the assembly/disassembly instruction. 


Assembly/Disassembly Register Clock - Bits 16 Through 19 


These bits, when set, are used to individually clock 4-bit parcels of the 
assembly/disassembly register as follows.: 


Bit 16 - Clock bits 0 - 3 (most-significant bit, MSB) 
Bit 17 - Clock bits 4-7 

Bit 18 - Clock bits 8 - 11 

Bit 19 - Clock bits 12 - 15 (least-significant bit, LSB) 


Register File Address or Miscellaneous Clock - Bits 20 Through 23 
If the decode of the register clock bits is 4 through 7 or the decode of the I-bus usage 


bits is 7, the miscellaneous clock is suppressed. This field becomes the file address 
whenever the register file is 7 in the register clock field or in the I-bus usage field. 
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These four bits provide for clocking the miscellaneous control circuits in high-speed 
data transfer loops. The bits are decoded into two separate 2-bit groups as follows. 


Bit Bit 

20 21 Function 

0 0 No operation 

0 1 Increment the address counter 

1 0 Decrement the length counter 

1 1 Increment the address counter and decrement the length counter 
Bit Bit 

22 23 = Function 


0 No operation 

1 Clear the device receive register full flag flip-flop 

0 Clear the data bus receive register full flag flip-flop 
1 Not used 


Auxiliary Instruction 


The format of the CYBER channel interface UDI auxiliary instruction is shown in 
figure 3-19. This instruction executes all of the auxiliary control, preconditioning, and 
responses necessary when interfacing with an external device. Interpretation of the 
instruction bit fields is described in the following paragraphs. 


cans 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


BUS BUS aa REGISTER 
USAGE SELECT FILE 
ADDRESS 
SUBCODE REGISTER AUXILIARY CONTROL 
CLOCK 
SEQUENCER DEVICE AUXILIARY SELECT CODE - 


FUNCTION CODE DEFINED 


X04379 


Figure 3-19. Auxiliary Instruction Format 


Sequencer Function Code - Bits 0 Through 2 


These three bits select the function code of the 8x02 sequencer. Only the following odd 
function codes are used with the auxiliary instruction: 


Bit Bit Bit 


0 1 2 Function 

0 0 1 Increment (INC) 

0 1 1 Pop stack (POP) 

1 0 1 Push for looping (PLP) 

1 1 1 Set microprogram address to zero (RST) 
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Subcode - Bit 3 


This bit remains in a cleared condition for this instruction. 


I-Bus Usage - Bits 4 Through 7 


These bits are used the same for all UDI instructions. See test instruction for 
definition (discussed previously). 


Device Defined - Bit 8 


This bit is used the same for all UDI instructions. See test instruction for definition 
(discussed previously). 


Register Clock - Bits 9 Through 11 


These bits are used the same as in the UDI assembly/disassembly instruction (discussed 
previously). 


Shift Select — Bits 12 and 13 


These bits are used the same as in the UDI assembly/disassembly instruction (discussed 
previously). 


Auxiliary Select Code - Bits 14 and 15 


This 2-bit field is decoded to select one of four operations as follows: 


Bit Bit 

14 15 Function 

0 0 Eight bits of data 
0 1 Miscellaneous pulse 
1 0 Addressable latch 

1 1 Bit set/clear 


Auxiliary Control - Bits 16 Through 23 ‘ 


The interpretation of this 8-bit field varies for each of the auxiliary select codes 
selected by bits 14 and 15. 


Auxiliary Select Code 00 (eight bits of data) - Auxiliary select code 00 is used in 
conjunction with I-bus usage code 011 (PROM data) and bit 4 (set/clear I-bus bits 0 
through 7). The auxiliary control bits (16 through 23) are gated to the I-bus bits 8 
through 15. If I-bus usage bit 4 = 1, then I-bus bits 0 through 7 are set to zero. If 
I-bus usage bit 4 = 0, then I-bus bits 0 through 7 are set to all ones. This is used for 
entering constants in registers. This instruction is valid for register clock selections of 
codes 011 through 111 only. 


Auxiliary Select Code 01 (miscellaneous pulse) - Auxiliary select code 01 is used to 
enable or disable control conditions, activate response signals, clear error conditions, 
and perform other functions on the CYBER channel interface. Bits 21 through 23 are 
decoded to select one of eight miscellaneous pulses and bits 16 through 20 are used to 


enable up to five decoders. However, only two decoders are presently provided on the 
UDI board. 


3-36 19404 CYBER Channel Coupler HRM 60000495 A 


CYBER Channel Interface UDI 


The following miscellaneous pulses are enabled by decodes of bit 20. Although a decode 
of bit 19 will also enable pulses, these pulses are assigned to set interrupts which are 
not presently used in the coupler. 


Bit 20 Enabled 


000 Clear channel control 
001 Clear errors 

010 Spare 

011 Disconnect channel 
100 Clear op-code altered 
101 Byte clock 

100 Toggle bank select 
111 Spare 


Auxiliary Select Code 10 (addressable latch) - Auxiliary select code 10 is used to 
enable or disable internal and external control conditions which require logic levels. 
Bits 21 through 23 are decoded to select one of eight addressable latches within a 
group of eight, and bits 17 through 20 are used to enable up to four of these groups. 
The selected latches are set if bit 16 is a one and cleared if bit 16 is a zero. Only one 
group (enable bit 20), however, is presently used on the UDI board. 


The following latches are enabled by decodes of bit 20. 
Bit 20 Enabled 


000 Bus master clear 

001 Go 

010 Step 

011 Turn off CYBER channel interface diagnostic LED 
100 Turn on function parity error LED 

101 DMA 

110 Read enable 

111 Sync test point 


Auxiliary Select Code 11 (bit set/clear) ~ Auxiliary select code 11 provides for 
selectively setting or clearing the lower eight bits of the shift register. This operation 
is performed between the data on the I bus and the selected bit, with the remaining 
bits left unchanged. This instruction is valid for register clock selections of codes 100 
through 111 only. 


Bits 17 through 19 are decoded to set or clear one of eight shift register bits. Code 
translations of 000 through 111 select shift register bits 8 through 15, respectively. Bit 
16 specifies whether the selected bit is to be set or cleared as follows: a one equals set 
and a zero equals clear. Bits 20 through 23 specify the register file address when I-bus 
usage field (bits 4 through 7) selects the register file. 


Register File Address - Bits 20 Through 23 


These four bits specify the register file address. 
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CYBER Channel Coupler Internal Diagnostics 


Three internal (quicklook) diagnostics are provided to test the coupler: 
e CYBER channel interface diagnostic 

e CYBER channel interface/processor interaction diagnostic 

@ CYBER microcode trace 

e FIPS device interface/processor interaction. diagnostic 


These are described in the following paragraphs. 


CYBER Channel Interface Diagnostic 


The CYBER channel interface diagnostic tests the internal logic circuits of the CYBER 
channel interface. This diagnostic consists of seven sections (section 0 through section 
6). At the start of each section, an interrupt corresponding to that section is set (for 
example, interrupt 0 is set for section 0). The interrupt flip-flops are not used by the 
internal logic in the CYBER channel coupler; however, they provide sync points for 
maintenance troubleshooting use. The flip-flops remain set until a master clear is 
received. : 


Switch SW1-5 on module A04 (19404-1/2/10/11) or A18 (19404-3/12) of the CYBER 

channel interface logic allows the microcode to loop on the internal diagnostic when 

placed in the ON position. If an error, or end-of-test, is detected and the switch is ON, 

the microcode repeats the diagnostic starting with section 0. If an error is detected and 
the switch is in the OFF position, the microcode returns to its idle loop. 


Upon successful completion of the internal diagnostic with switch SW1-5 in the OFF 
position, the microcode turns off the CYBER channel interface diagnostic LED (LED 5 
on module A04 for 19404-1/2/10/11 or A18 for 19404-3/12) and jumps to the idle 
routine. 


The following paragraphs briefly describe each of the diagnostic sections. 


Section 0 . 


Section 0 loads the address and length counters with all ones and zeros to check the 
length = 0 status. It then checks that decrementing the length does not increment the 
address and vice versa. It also checks for simultaneously incrementing the address and 
decrementing the length. 


Section 1 


Section 1 loads the address counter with all zeros and the length counter with all ones. 
It then decrements the length counter to zero while incrementing the address counter 
and checks the address for nonzero. It also increments the address counter and checks 
for all zeros using length = 0 status. 
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Section 2 


Section 2 starts with the address counter loaded with all zeros and does four pushes 
incrementing the address each time. It then moves the address value to the length 
counter and does four pops, decrementing the length counter each time. It checks for a 
length = 0 status after the four pops. 


Section 3 


Section 3 checks all shift counts and tests each bit to ensure that a bit has not been 
inadvertently set. It then checks al] shift counts and tests each bit to ensure that a bit 
has not been inadvertently cleared. 


Section 4 


Section 4 checks for constant assembly/disassembly clocks and also checks for missing 
assembly/disassembly clock pulses. 


Section 5 


Section’5 checks the bit-setting and bit-clearing capabilities using different shift counts 
to set and clear the same bit. 


Section 6 


Section 6 writes an address pattern in the register file and checks it using the address | 
and length counters. It then loads the complement address pattern in the register file 
and checks it. 


CYBER Channel Interface/Processor Interaction Diagnostic 


This diagnostic tests the communication and interaction between the CYBER channel 
interface and the processor. The CYBER channel interface performs the interface/ 
processor interaction diagnostic when the processor sets the op-code altered flip-flop and 
bits 1 through 15 of the op-code (refer to figure 3-11) are all zeros. The CYBER 
channel interface first loads the address counter with the contents of memory location 
0021, and reads 16 words into the register file. The CYBER channel interface then 
loads the address counter with the contents of memory location 0022,,¢ and writes 16 
words from the register file. If a memory parity error is detected while reading the 
op-code or memory location 0021,¢, no data is read. The CYBER channel interface sets 
bit 12 (control package parity error) in memory location 0024,,, lights the memory 
parity error LED (LED 3 on module A04 for 19404-1/2/10/11 or A18 for 19404-3/12), 
and returns to the idle routine. 


If a memory parity error is detected while reading data, the CYBER channel! interface 
attempts to write the data back into memory and sets bit 10 (memory parity error) in 
memory location 0024,,. If a memory parity is detected while reading memory location 
0022;,, no data is written and the CYBER channel interface sets bit 12 (control 
package parity error) in memory location 0024;¢ and lights the memory parity error 
LED (LED 3 on module A04 for 19404-1/2/10/11 or A18 for 19404-3/12). 
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If a memory parity error is detected while reading data or while reading memory 
location 0022,,, both a control package parity error status (bit 12) and a memory 
parity error status (bit 10) are returned to the processor. If no errors are detected, the 
CYBER channel interface writes the data to memory and sends an interaction test 
compiete (bit 2) to the processor. _ 


CYBER Microcode Trace 


The microcode for the CYBER channel side of the CCC writes a four-word trace during 
all: normal operations. Normal operations include CYBER function codes and op-codes 
received from the internal processor. When an error is detected, the trace is changed to 
eight words. An error code and three additional information words are written into the 
trace. 


Trace Memory Locations 


The trace for the CYBER side resides in the coupler memory at locations 1E00;, 
through 1EFF,,. These memory locations are used as follows. 


Hex 

Location Content Description 

1E00 1E08 Starting trace address 
1E01 OOFO Trace length 

1E02 XXXX Next trace address 
1E03 XXXX Remaining trace length 
1E04 —~ xxxx Microcode revision 
1E05 XXXX Microcode revision 
1E06 XXXX Microcode revision 
1E07 XXXX Microcode revision 
1E08 XXXX Trace 

1EFF XXXX Trace 


Trace Format 


The trace status (word 3) indicates that the trace is for a channel function or an 
op-code, and that four words are to be added for an error trace. The trace format, 
which is demonstrated in tables 3-1 through 3-4, is organized as follows. 


@ Normal trace for channel functions 
@ Error trace for channel functions 
@ Normal trace for op-code commands 
e Error trace for op-code commands 
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Channel Function Traces 


Refer to the following table for normal and error traces for channel functions and to 
paragraphs that follow for word descriptions. 


Normal Trace for Channel Functions Error Trace for Channel Functions 


Ce 
[2 [reer [conver togs | 2 [om [corvettons | 
[3 [ence [recess 3 [eno reestous 
i 
es ce 
es es 
es es a 
es 


Word 1 - Channel Function 


Channel function is a 12-bit CYBER function code that shares the same contents as 
location 0023. 


Word 2 ~ Control Flags 


Control flags provide internal hardware status to the microcode. 


Bit Description 

00 Not character fill 

01 Active or pause 

02 R2 register full 

03 X1 register full 

04 OP code altered 

05 OK to disconnect 

06 Memory DB register full 
07 Channel parity error 
08 Memory parity error 
09 Deadman time-out 

10 Function 

11 Microcode master clear 


12 Length equals zero 
13 DMA complete 

14 Processor running 
15 Processor abnormal 
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Word 3 — Trace Status 


Trace status bits are defined as follows. 


00 or O1 


02 - 15 


Description 


Channel function 
Error trace 
Op-code trace 
Not used 


Word 4 —- Status 


Status is read from location 0024,,. The status bits are defined as follows. 


Bit 


Description 


Not used 

Not used 

Interaction quicklook complete 
CYBER quicklook complete 
Not used 

Not used 

Not used 

Not used 

Normal end 

Channei arity error 

Memory parity error 
Deadman timeout 

Control package memory parity error 
Transfer indicator 

Character fill 

Not used 


Word 5 - Error Code 


Refer to tables 3-1 and 3-2 for error codes for normal operations and quicklook errors. 


Word 6, 7, 8 - Information 1, 2, 3 


Words 6, 7, and 8 contain information 1, 2, and 3, respectively. These words vary with 
the error code (refer to tables 3-1 and 3-2). 
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Op-Code Function Traces 


Refer to the following table for normal and error traces for op-code functions and to 
paragraphs that follow for word descriptions. 


Normal Trace for Op-Code Functions | Error Trace for Op-Code Functions 


[word [trace | desenption [word | race] Description 


sc 
ee 
[3 [atoo [acess | 3 | ato [Trecenaus 
a 
a= dS ee erorcone 
ee es 
es 
ee ee 


Word 1 - Op-Code 


This word is the op-code command read from location 0020;¢. 


Word 2 - Address 


Address is read from location 0021)g¢. 


Word 3 - Trace Status 
Trace status bits are defined as follows. 


Bit Description 


00 or 01 Channel function 
00 Error trace 
01 Op-code trace 
02-15 Not used 
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Word 4 —- Status 


Status is read from location 0024,¢. The status bits are defined as follows. 


Bit 


Description 


Not used 

Not used 

Interaction quicklook complete 
CYBER quicklook complete 
Not used 

Not used 

Not used 

Not used 

Normal end 

Channel parity error 

Memory parity error 
Deadman timeout 

Control package memory parity error 
Transfer indicator 

Character fill 

Not used 


Word 5 - Error Code 


Refer to tables 3-1 and 3-2 for error codes for normal operations and quicklook errors. 


Word 6, 7, 8 — Information 1, 2, 3 


Words 6, 7, and 8 contain information 1, 2, and 3, respectively. These words vary with 
the error code (refer to tables 3-1 and 3-2). 
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Table 3-1. 


Hex 
Error 
Code 


1101 


1102 


Error Codes/Normal Operations 


Info. 
1 


DB 
Retr 


DB 


- Retr 


1103 


1104 


1105 


1106 


1107 
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DB 
Retr 


R Retr 


R Retr 


DB 


Retr 


R Rgtr 


Info. 
2 


Adrs 
Rgtr 


Adrs 
Retr 


Adrs 
Rgtr 


Adrs 
Retr 


Adrs 
Rgtr 


Adrs 
Retr 


Adrs 
Rgtr 


Info. 
3 


Len 


Retr 


Len 


Retr 


Status 
0020 


0008 


0000 


0040 


0010 


0000 


0040 
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Misc. 


DB Rgtr 
word with 
parity error 


DB Rgtr 
word with 
parity error 


DB Rgtr 
word with 
parity error 


DB Rgtr 
word with 
parity error 


DB Rgtr 
word with 
parity error 


DB Rgtr 
word with 
parity error 


DB Regtr 
word with 
parity error 


Description 


Memory parity error 


Control package 
memory parity error 


Trace length is 0 


Channel data parity 
error 


Deadman timeout 


Trace length is 0 at 
location 1E01 


Channel function 
parity error 
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Table 3-2. Quicklook Errors 


Hex 
Error 
Code 


1301 


1302 


1303 


1304 


1305 


1306 


1307 


1308 


1309 


1310 


1311 


1312 


1321 


1322 


1323 


1323 


Info. 
1 


DB 
Retr 
DB 
Rgtr 
DB 
Retr 
DB 
Retr 
DB 
Rgtr 
DB 
Rgtr 
DB 
Retr 
DB 
Retr 
DB 
Retr 
DB 
Rgtr 
DB 
Retr 
DB 
Retr 
DB 
Retr 


DB 
Rgtr 


DB 
Retr 


DB 
Retr 


Info. 
2 


Adrs 
Retr 
Adrs 
Retr 
Adrs 
Retr 
Adrs 
Rgtr 
Adrs 
Retr 
Adrs 
Rgtr 
Adrs 
Retr 
Adrs 
Retr 
Adrs 
Rgtr 
Adrs 
Retr 


Adrs 
Rgtr 
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Status 
0000 


0000 
0000 
0000 
0000 
0000 
once 
0000 
0000 
0000 
0000 
0000 
0000 


0000 


0000 


0000 


Misc. 
Section 0 


Section 0 


Section 0 


Section 0 


Section 0 


Section 0 


Section 0 


Section 0 


Section 0 


Section 0 


Section 1 


Section 1 


Section 2 


Section 2 


Section 2 


Section 2 


Description 
Length not 0 


Length is 0 


Length not 0 


Length is 0 


Length not 0 


Length is 0 


Length is 0 


Length not 0 


Length is 0 


Length not 0 


Length is 0 


Length not 0 


First pop instruction 


failed 


Second pop 


- instruction failed 


Third pop instruction 
failed 


Fourth pop 
instruction failed 


(Continued) 
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Hex 
Error 
Code 


1825 
1331 
1332 
1333 
1334 


1334 


1336 
1337 
1338 
1341 
1342 
1343 
1344 
1345 
1346 


1347 
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Info. 
1 


DB 
Retr 
DB 

Retr 


DB 
Rgtr 


DB 
Retr 
DB 
Retr 


DB 
Retr 


DB 
Retr 


DB 
Rgtr 


DB 
Retr 


Info. 
2 


Adrs 
Retr 
Adrs 
Retr 
Adrs 
Retr 
Adrs 
Retr 
Adrs 
Rgtr 


Adrs 
Retr 


Adrs 
Rgtr 


Adrs 
Retr 
Adrs 
Retr 
Adrs 
Rgtr 
Adrs 
Retr 


Adrs 
Rgtr 


Info. 
3 


Len 


Rgtr 
Len 


. Rgtr. 


Len 


Retr 


Len 
Retr 


Len 


Rgtr 


Len 


Retr 
Len 
Retr 


Len 


Rgtr 


Len 


Retr 


Status 
0000 


0000 
0000 
0000 
0000 


0000 


0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


0000 
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Misc. 


Section 2 


Section 3 


Section 3 


Section 3 


Section 3 


Section 3 


Section 3 


Section 3 


Section 3 


Section 4 


Section 4 


Section 4 


Section 4 


Section 4 


Section 4 


Section 4 


Description 


Length not 0 

UDI bit test failed 
UDI shift 4 failed 

UDI shift 8 failed 

UDI shift 12 failed 


UDI bits 12 - 15 
PROM data and bit 
test 


UDI SH = 4 PROM 
data and bit test 


UDI SH = 8 PROM 
data and bit test 


UDI SH = 12 PROM 
data and bit test 


UDI check A/D clock 
1110 


UDI check A/D clock 
1101 


UDI check A/D clock 
1011 


UDI check A/D clock 
0111 


UDI check A/D clock 
0001 


UDI check A/D clock 
0010 


UDI check A/D clock 
0100 


(Continued) 
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Table 3-2. Quicklook Errors (Continued) 


Hex 

Error Info. Info. Info. 

Code 1 2 3 Status Misc. Description 

1348 DB Adrs Len 0000 Section 4 UDI check A/D clock 
Rgtr Retr Retr 1000 

1351 DB Adrs Len 0000 Section 5 UDI check bit 
Rgtr Retr Rgtr set/clear, bits 12 - 15 

1352 DB Adrs- _— Len 0000 Section 5 UDI check bit 
Rgtr Regtr Retr set/clear, bits 8 - 15 

1361 DB Adrs Len 0000 Section 6 UDI check register 
Retr Rgtr Rgtr file 

1371 | DB Adrs Len 0008 Interaction Control package 
Rgtr Rgtr Rgtr quicklook memory parity error 

1372 DB Adrs Len 0020 Interaction Memory parity error 
Rgtr Rgtr Retr quicklook 

1373 DB Adrs Len 0000 Interaction Length not 0 after 


Retr Rgtr Rgtr quicklook memory read to 

register file and 
register file read to 
memory write 


FIPS Device Interface/Processor Interaction Diagnostic 


This diagnostic tests the communication and interaction between the FIPS device 
interface and the processor. An initialization control sequence consisting of a system 
reset followed by a halt is performed prior to each test segment. The initialization 
control sequence stores the starting address of the test segment to be executed in 
address 0028,,¢, and clears the ending status contained in location 002A,,. Execution of 
the test segment begins by performing a write instruction at location E000,,¢. At the 
completion of each test segment, the ending status stored in address 002Aj¢, is checked 
for a nonzero condition. Normal completion is indicated by bit 0 being set, and an 
error is indicated by bit 0 being clear with the error status contained in bits 4 through 
15. 


The diagnostic uses block multiplexer mode to load the transfer registers with various 
data patterns and read back each data pattern for comparison. The patterns tested are 
all ones and alternating ones and zeros (using first 5555,,, then AAAAj¢ patterns). 
Then the diagnostic performs a 1-byte diagnostic write of all zeros, followed by a read 
block identification (ID) to verify that the data read back was correct. Next, a 256-byte 
buffer is written and verified by checking the block ID. (Note, however, that data is 
not transmitted to the external peripheral device; only the internal data path within 
the coupler itself is tested.) Finally, a diagnostic read operation is performed; it reads 
and verifies 256 bytes of alternating ones and zeros generated by the internal 
microcode in the FIPS device interface. The patterns generated are FFFFj,¢ and 0000. 
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The diagnostic then tests the stream mode logic by first performing a diagnostic read 
during stream mode. This test segment inputs 256 bytes of data, stores the data 
patterns in memory, and checks the block ID to see that it is 018C,,. The patterns 
stored in memory are the following: 


lst word 0001 
2nd word 0203 


3rd word 0405 


Last word FEFF 


A diagnostic write operation is then performed while in stream mode that generates 
the same patterns as preceding and the block ID is again checked for an 018Cy¢ value. 
Note, the receivers and transmitters are not actually checked during the stream-mode 
test segments as no data is looped back; only the block IDs are checked. 
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FIPS Device Interface 


The FIPS device interface is the communication link between the CYBER channel 
coupler and external input/output (I/O) control units. All transmissions of information 
are actually between the PP channel and the attached control units via the coupler. 
The FIPS device interface of the coupler employs information formats and control-signal . 
sequencing that provide a uniform means for attaching and controlling various types of 
control units. Information in the form of commands, data, status information, sense 
information, control signals, and I/O device addresses is transmitted over time- and 
function-shared lines of the interface. This interface provides the necessary receivers, 
transmitters, and contro! logic to drive the FIPS I/O channel. Receivers and 
transmitters are provided for all FIPS tag lines and bus 0 in and bus 0 out. 


The FIPS device interface also provides code translation and block ID generation for 
use with magnetic tape controllers. A standard 24-bit UDI is used to control the FIPS 
interface through the use of microcode instructions. The UDI microcode is contained in 
2048 words of PROM. 


The FIPS device interface supports the command retry and high-speed transfer features; 
however, the bus extension feature and I/O alert are not supported. 


FIPS J/O-Interface Lines 


External cables physically connect all peripheral control units in a chain, with the first 
contro] unit being connected to the CYBER channel coupler. The I/O-interface lines are 
parallel signal lines briefly defined in table 3-3. For detailed information on these 
signal lines, refer to the FIPS publications listed under Related Manuals in About This 
Manual. The following paragraphs briefly described each signal line type. 


Bus Out 
The bus-out signal line is used to transmit addresses, commands, and data from the 


coupler to attached control units. The type of information transmitted is indicated by 
the outbound tag lines. 
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Table 3-3. FIPS I/O-Interface Lines 


Line Name 


Bus 0 out position P 
Bus 0 out position 0 
Bus 0 out position 1 
Bus 0 out position 2 
Bus 0 out position 3 
Bus 0 out position 4 
Bus 0 out position 5 
Bus 0 out position 6 
Bus 0 out position 7 


Bus 0 in position P 
Bus 0 in position 0 
Bus 0 in position 1 
Bus 0 in position 2 
Bus 0 in position 3 
Bus 0 in position 4 
Bus 0 in position 5 
Bus 0 in position 6 
Bus 0 in position 7 


Address out 
Address in 
Command out 
Status in 
Service out 
Service in 
Data in 

Data out 
Disconnect in 


Abbreviation 


Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 


Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 
Bus 


Adr 


Adr i 


0 out P 
0 out 0 
0 out 1 
0 out 2 
0 out 3 
0 out 4 
0 out 5 
0 out 6 
0 out 7 


0 in P 
0 in 0 
0 inl 
0 in 2 
0 in 3 
0 in 4 
0 in 5 
0 in 6 
0in7 


Cmd out 
Sta in 
Srv out | 
Srv in 
Dat in 
Dat out 
Dis in 


Operational out 
Operational! in 
Hold out 

Select out 
Select in 
Suppress out 
Request in 


Bus In 


Op! out 
Op! in 
Hl1d out 
Sel out 
Sel in 
Sup out 
Req in 


FIPS Device Interface 


Uses 


The bus-out lines are used to transmit 
information (data, I/O-device address, and 
commands) from the coupler to the attached 
contro] unit. 


The bus-in lines are used to transmit 
information (data, selected I/O-device 
address, status information, and sense 
information) from the attached control unit 
to the coupler. 


The tag lines are used for interlocking and 
controlling information on the buses and 
special sequences. 


The selection-control lines are used for 
scanning or selection of attached I/O 
devices. 


The bus-in signal line is used to transmit addresses, status, and data from attached 
contro] units to the coupler. The type of information transmitted is indicated by the 
inbound tag lines. A control unit can place and maintain information on the bus-in 
lines only when its operational-in line is high. 


Address Out 


Address-out is a tag line from the coupler to all attached control units. Address-out is 
used to signal all the control units to decode the I/O device address on the bus-out 


lines. 
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Address In 


Address-in is a tag line from all attached control units to the coupler: This line is used 
to signal the coupler when the address of the currently selected I/O device has been 
placed on the bus-in lines. 


Command Out 


Command-out is a tag line from the coupler to all attached control units that is used 
to signal the selected I/O device in response to a signal on the address-in, status-in, 
data-in, or service-in tag lines. 


Status In 


Status-in is a tag line from all attached control units to the coupler that is used to 
signal the coupler when the selected control unit has placed status information on the 
bus-in lines. 


Service Out 


Service-out is a tag line from the coupler to all attached control units. This line goes 
high to signal the selected I/O device that either service in or status-in has been 
recognized and the coupler has accepted the information on the bus-in lines or has 
provided the requested information on the bus-out lines. 


Service In 


Service-in is a tag line from all attached control units to the coupler. This line is used 
to signal the coupler that the selected I/O device is ready to send or receive a byte of 
information. 


Data In 


Data-in is a tag line to the coupler from all control units. It is used to signal the 
channel that the selected control unit requires transmission of a byte of information. 
The coupler responds to the data-in signal by raising either data-out or command-out. 


NOTE 


This description does not apply when the data-streaming feature is used; see the 
Data-Streaming Feature heading for additional information. 


Data Out 


Data-out is a tag line from the coupler to all attached control units. It is used as a 
response to the rise of the data-in signal. During a read, read-backward, or sense 
operation, the rise of data out indicates that the coupler has accepted the information 
on the bus-in lines. During a write or a control command, the rise of data out 
indicates that the coupler has placed the requested data on the bus-out lines. 


NOTE 


This description does not apply when the data-streaming feature is used; see the 
Data-Streaming Feature heading for additional information. 
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Disconnect In 


This signal is used to inform the channel that a control unit requires a selective reset. 


Operational Out 


The operational-out line provides a signal from the coupler to all attached control units 
and is used for interlocking purposes. Except for the suppress-out line, all lines from 
the coupler are significant only when the operational-out line is high. 


Operational In 


The operational-in line provides a signal from the all attached control units to the 
coupler and is used to signal the coupler that an I/O device has been selected. 
Operational-in remains high for the duration of the selection. 


Select Out, Hold Out, and Select In 


Control unit selection is controlled by the select-out, hold-out, and select-in signal lines. 
Select-out and select-in form a loop from the coupler through each contro] unit and 
back again to the coupler. Hold-out is a line from the coupler to all attached control 
units and is used in conjunction with the select-out line to synchronize control unit 
selection. The select-in line provides the return path to the coupler for the Select-Out 
signal. 


Suppress Out 


Suppress-out is a tag line from the coupler to all attached control units. Suppress-out 
may rise or fall at any time. This line is used both alone and in conjunction with the 
outbound tag lines to provide the following special functions: suppress data, suppress 
status, command chaining, and selective reset. 


Request In 


Request-in is a signal line from all attached control units to the coupler. This line, 
when high, indicates that the control unit requires service and is requesting a selection 
sequence. 


Command-Retry Feature 


The command-retry feature is a coupler and control-unit procedure that can cause a 
command to be retried by the coupler. A control unit may request a command-retry in 
order to recover from a transient error or when conditions existing at either the 
control unit or the I/O device prevented execution of the command when it was 
previously issued. The coupler, upon accepting a request for a command-retry, repeats 
execution of the current program, beginning at the last command executed. 
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Data-Streaming Feature 


The data-streaming feature allows a data-transfer rate of up to 3 megabytes on a 
single data bus using up to 122 metres (400 feet) of interface cable. The data-streaming 
feature applies only to the read and write commands; it is not used for the sense and 
control commands. The service-in and data-in signals are alternated for the duration of 
each read or write command. This provides for a higher data rate than that achievable 
when using the service-in and service-out signals only. 


FIPS Device Interface Code Translation 


The FIPS device interface provides four read-code tables and four write-code tables 
(located in RAM) to perform on-the-fly code translation during data transfers. The code 
tables may be bypassed for operation without code translation. Each code table has 256 
entries that must be loaded prior to usage. Each code table is protected by a 
hardware-generated/checked parity bit. A flag bit test is provided to detect illegal 6-bit 
codes on 9-track tape read operations. The FIPS device interface returns a 
flag-bit-detected status to the processor if any read-code table location with bit 2° set is 
accessed. The processor selects one of the four code tables, enables code translation, 
and enables flag bit detection. A master clear disables code translation. Code 
translation is not used during data streaming transmissions. 


Block Identification (ID) Generator 


The FIPS device interface includes a 9-bit cyclic code generator. This is used to 
generate a block ID code for each block of data read or written. A block ID is 

generated from data on the bus-in (read) or bus-out (write) lines. The block ID 

generator is reset when a FIPS transfer is initiated. 


FIPS Device Interface UDI 


The FIPS device interface includes a 24-bit UDI module. This UDI is the same type as 
that used with the CYBER channel interface UDI described previously (refer to 

figure 3-15). This UDI also provides the same three types of microinstructions (test, 
assembly/disassembly, and auxiliary). Note, however, that the microcode bit usage is 
different for these instructions when used in conjunction with the FIPS device interface. 
Microcode usage is as described in the following paragraphs. 


Test Instruction 


The instruction format and microcode bit usage for the test instruction is as shown in 
figure 3-20. The test instruction is used for branch control by testing bits or control 
conditions and altering the microinstruction execution sequence. Bit definitions for the 
test instruction are described in the following paragraphs. 
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1 2 3 4 § 6 7 8 9 109 11 12 13 14 15 16 17 18 19 20 21 22 23 


Ee, REN “ME, oe 
{ BUS E TEST ; . REGISTER 
USAGE BIT SELECT FILE 
ADDRESS 
NOT USED 


ADDRESS OR LENGTH 
REGISTER SELECT 


TEST TRUE/FALSE TEST HISTORY 
SEQUENCER FUNCTION CODE 


BRANCH AODRESS 


Figure 3-20. Test Instruction Format 


Sequencer Function Code —- Bits 0 Through 2 


These three bits select the function code of the 8x02 sequencer. Only the following 
even function codes are used with the test instruction. 


Bit Bit Bit 


0 1 2 Function 

0 0 0 Test and skip (TSK) 

0 1 0 Branch to loop if test result true (BLT) 

1 0 0 Branch to subroutine if test result true (BSR) 
1 1 0 Branch if test result true (BRT) 


Test Specified Bit for True or False - Bit 3 


The state of bit 3 (set or clear) enables a true or false check of the test bit (one of 16 
I-bus bits) specified by bits 9 through 12. 


@ When bit 3 is set and the test bit is set, a branch is made according to the true 
condition of the test result. Refer to table 3-1. 


@ When bit 3 is clear and the test bit is clear, a branch is also made according to 
the true condition of the test result. Refer to table 3-1. 


@ If only one bit is set, an exit is made to the current address plus one (false 
condition in table 3-1). 


Address or Length Register Select - Bit 4 


This bit is used in conjunction with I-bus usage code 110 (enable address or length 
count register) to specify which register is to be selected as follows. 


@ Select address register if bit 4 = 1. 


@ Select length count register if bit 4 = 0. 
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I-Bus Usage — Bits 5 Through 7 


Bits 5 through 7 provide a code that selects which register is gated onto the I bus. The 
decode for bits 5 through 7 of this field is as follows. 


Bit Bit Bit 

5 6 7 Function 

0 0 0 Control flag register 

0 0 1 Data bus receive register 

0 1 0 R register multiplexer 

0 1 1 PROM data (bits 16 through 23 to I-bus bits 8 through 15) 
1 0 0 Assembly/disassembly register 

1 0 1 Transfer multiplexer 

1 1 0 Enable address or length count register 

1 1 1 File register (1 of 16, selected by bits 20 through 23) 


Bit 8 - Not Used 


Test Bit Select - Bits 9 Through 12 


These four bits select which bit of the 16 I-bus bits is to be used for testing. Decodes 
of 0000 through 1111. select I-bus bits 0 through 15, respectively. 


Test History — Bit 13 


The state of the test input line to the 8x02 sequencer is latched at the end of each test 
instruction. In order to use the test history bit, a second test instruction with bit 13 
equal 1 must follow the first test instruction, which selects the needed I-bus bit from 
the test multiplexer. 


Branch Address — Bits 14 Through 23 


These bits select the branch address if a branch is executed. The branch address is 
used only with the branch-to-subroutine-if-test-result-true (BSR) and 
branch-if-test-result-true (BRT) sequencer function codes. 


Register File Address — Bits 20 Through 23 


These four bits are used only with the test-and-skip (TSK) and branch-if-test-result-true 
(BRT) sequencer function codes to select 1 of 16 register files. The I-bus usage bits are 
used to select the register file address. 
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Assembly/Disassembly Instruction 


The instruction format and microcode bit usage for the assembly/disassembly 
instruction is as shown in figure 3-21. Bit usage is as described in the following 
paragraphs. 


1 2 3 #4 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
6 
Me, Serie, CE eS” “ERD, cat RAPT 
! BUS ASSY/ REGISTER 
USAGE DISASSY FILE 
REGISTER ADDRESS 
CLOCK OR 


MISCELLANEOUS 
NOT USED EECer 
SUBCODE SHIFT SELECT 


SEQUENCER REGISTER CLOCK 
FUNCTION 


CODE NOT USED 


Figure 3-21. Assembly/Disassembly Instruction Format 


Sequencer Function Code - Bits 0 Through 2 


These three bits select the function code of the 8x02 sequencer. Only the following odd 
function codes are used with the assembly/disassembly instruction. 


Bit Bit Bit 


0 1 2 Function 

0 0 1 Increment (INC) 

0 1 1 Pop stack (POP) 

1 0 1 Push for looping (PLP) 

1 1 1 Set microprogram address to zero (RST) 


Subcode — Bit 3 


This bit is held at a logical 1 level for this instruction. 


I-Bus Usage - Bits 4 Through 7 


These bits are used the same for all UDI instructions. See test instruction for 
definition (discussed previously). 


Bit 8 = Not Used 
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Register Clock - Bits 9 Through 11 


These bits provide for the selective clocking (data transfer) of registers from the I bus. 
The bits are decoded as follows. 


Bit Bit Bit 


9 10 11 Function 

0 0 0 No Operation 

0 0 1 T Rogister 

0 1 0 X register 

0 1 1 R register 

1 0 1 Address counter register 
1 1 0 Length counter register 
1 1 1 File address register 


Shift Select - Bits 12 and 13 


These two bits determine the shift count of data clocked into either the assembly/ 
disassembly register, address counter, length counter, or register file from the I bus. 
They decode to effect an end-around left shift as follows. 


Bit Bit 

12 13 Function 

0 0 No shift 

0 1 Left shift 4 places 
1 0 Left shift 8 places 
1 1 Left shift 12 places 


Bits 14 and 15 = Not Used 


Assembly/Disassembly Register Clock — Bits 16 Through 19 


These bits, when set, are used to anciyidueny clock 4-bit parcels of the assembly/ 
disassembly register as follows. 


Bit 16 - Clock bits 0-3 (MSB) 
Bit 17 - Clock bits 4-7 

Bit 18 - Clock bits 8-11 

Bit 19 — Clock bits 12-15 (LSB) 


Register File Address or Miscellaneous Clock = Bits 20 Through 23 
If the decode of the register clock bits is 4 through 7 or the decode of the I-bus usage 


bits is 7, the miscellaneous clock is suppressed. This field becomes the file address 
whenever the register file is 7 in the register clock field or in the I-bus usage field. 
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These four bits provide for clocking the miscellaneous control circuits in high-speed 
data transfer loops. The bits are decoded into two separate 2-bit groups as follows: . 


Bit 
20 
0 


— me © 


60000495 A 


Bit 


21 
0 


© 


MK10 
MK11 
MK12 
MK13 


MKO0 
MK0Ol1 
MK02 
MK0O3 


Function 


Not used 
Increment the address counter 
Decrement the length counter 


Increment the address counter and decrement the length 
counter 


Function 


Not used 

Clear the data bus full flip-flop 
Clear Memory parity error 

Clear the write complete flip-flop 
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Auxiliary Instruction 


The instruction format and microcode bit usage for the auxiliary instruction is as 
shown in figure 3-22. This instruction executes all of the auxiliary control, 

preconditioning, and responses necessary when interfacing with an external device. 
Interpretation of the instruction bit fields is described in the following paragraphs. 


12 3 4 § 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
lO a 
— ee 


REGISTER 
USAGE FILE 
ADDRESS 


SEQUENCER AUXILIARY CONTROL | 
FUNCTION | 
CODE AUXILIARY SELECT CODE | 

SHIFT SELECT | 


REGISTER CLOCK 
ADDRESSABLE LATCH ENABLE 


Figure 3-22. Auxiliary Instruction Format 


Sequencer Function Code - Bits 0 Through 2 — 


These three bits select the function code of the 8x02 sequencer. Only the following odd 
function codes are used with the auxiliary instruction. 


Bit Bit Bit 


0 1 2 Function 

0 0 1 Increment (INC) 

0 1 1 Pop stack (POP) 

1 0 1 Push for looping (PLP) 

1 1 1 Set microprogram address to zero (RST) 


Subcode - Bit 3 


This bit remains in a cleared condition for this instruction. 


I-Bus Usage — Bits 4 Through 7 


These bits are used the same for all UDI instructions. See test instruction for 
definition (discussed previously). 


Bit 8 - Not Used 


Register Clock - Bits 9 Through 11 


These bits are used the same as in the UDI assembly/disassembly instruction (discussed 
previously). 


3-60 19404 CYBER Channel Coupler HRM 60000495 A 


FIPS Device Interface 


Shift Select - Bits 12 and 13 


These bits are used the same as in the UDI assembly/disassembly instruction (discussed 
previously). 


Auxiliary Select Code - Bits 14 and 15 


This 2-bit field is decoded to select one of four operations as follows. 


Bit Bit 
14 15 Function 


0 0 Eight bits of PROM data 
0 1 Auxiliary clocks 

1 0 Addressable latches 

1 1 Register file 


Auxiliary Control - Bits 16 Through 23 


The interpretation of this 8-bit field varies for each of the auxiliary select codes 
selected by bits 14 and 15. These are as follows. 


Auxiliary Select Code 00 (Eight bits of PROM data) - Auxiliary select code 00 is used 
in conjunction with I-bus usage code 011 (PROM data) and bit 4 (set/clear I-bus bits 0 
through 7). The auxiliary control bits (16 through 23) are gated to the I-bus bits 8 
through 15. If I-bus usage bit 4 = 1, then I-bus bits 0 through 7 are set to zero. If 
I-bus usage bit 4 = 0, then I-bus bits 0 through 7 are set to all ones. This is used for 
entering constants in registers. This instruction is valid for register clock selections of 
codes 011 through 111 only. 


Auxiliary Select Code 01 (auxiliary clocks) - Auxiliary select code 01 is used to enable 
or disable the auxiliary clocks. The following auxiliary clocks are enabled by decodes of 
bits 21 through 23 with bit 20 set. 


Bit Bit Bit 
21 22 23 Function 


0 0 0 AKO00 2K bank select 

0 0 1 AK0Ol Clear parity errors 

0 1 0 AK02 Clear block ID 

0 1 1 AK03 Clear start FIPS sequence 

1 0 0 . AKO4 Load transfer register 

1 0 1 AKO5 Increment code conversion address counter 
1 1 0 AKO06 Load Code conversion address counter 

1 1 1 AK0O7 Increment code conversion memory 


Auxiliary Select Code 10 (addressable latch) - Auxiliary select code 10 is used to 
enable or disable internal and external control conditions that require logic levels. Bits 
21 through 23 are decoded to select one of eight addressable latches within a group of 
eight, and bits 17 through 20 are used to enable up to four of these groups. The 
selected latches are set if bit 16 is a one and cleared if bit 16 is a zero. 
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The following latches are enabled by decodes of bits 21 through 23 with bit 20 set. 


Bit Bit 
21 22 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 


Bit 
23 


KH OF OF OF © 


ALO00 
AL01 
AL02 
AL03 
AL04 
AL05 
AL06 
AL07 


Function 


FIPS master clear 

Go 

Step 

Parameter transfer 
Data stream transfer 
Enable code conversion 
Code table select 0 
Code table select 1 


The following latches are enabled by decodes of bits 21 through 23 with bit 19 set. 


Bit Bit 
21 22 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1. 
1 1 


Bit 
23 


“OF OF OF OO 


AM00 
AMO1 
AM02 
AM03 
AM04 
AM05 
AM06 
AM07 


Function 


LED off 

Data out 
Service out 
Clock out 
Command out 
Mark out parity 
Mark 1 out 
Mark 0 out 


The following latches are enabled by decodes of bits 21 through 23 with bit 18 set. 


Bit Bit 
21 22 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 


Bit 
23 


HOrHOKHKOrHO 


ANO0 
ANO1 
ANO02 
ANO3 
AN04 
ANO5 
ANO6 
AN07 


Function 


Sync point 

Start stream test 
Metering out 
Suppress out 

Select out 

Not operational out 
Hold out 

Address out 
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The following latches are enabled by decodes of bits 21 through 23 with bit 17 set. 


Bit 
22 


AP00 
APO1 
AP02 
AP03 
AP04 
AP05 


AP06 
AP07 


Function 


FIPS cata transfer 

Write operation 

FIPS read complete 

Enable flag bit detect 
Transfer multiplexer select 0 
Transfer multiplexer select 1 


00 FIPS address 


01 CYBER address 

10 Minimum block length 

11 Full/empty counter 

R register multiplexer select 0 
R register multiplexer select 1 
00 =sC=?R register 

01 Block ID 

10 Read conversion memory 
11 Write conversion memory 


The following latches are enabled by decodes of bits 21 through 23 with bit 16 set: 


Bit 
21 


mee et OO CO OC 


Bit 
22 


He OOM KH O OC 


Bit 
23 


—m_ Or OF OF OO 


AQ00 
AQ01 
AQ02 
AQ03 
AQ04 
AQ05 
AQ06 
AQ07 


Function 


Enable Code Table Load address 
Enable read table load c 

Enable write table load 
Transfer multiplexer select 2 
Diagnostic force odd byte 
Diagnostic force zero 

Diagnostic force ones 

Diagnostic service in 


Auxiliary Select Code 11 (bit set/clear) - Auxiliary select code 11 provides for 
selectively setting or clearing the lower eight bits of the shift register. This operation 
is performed between the data on the I bus and the selected bit, with the remaining 
bits left unchanged. This instruction is valid for register clock selections of codes 100 
through 111 only. 


Bits 17 through 19 are decoded to set or clear one of eight shift register bits. Code 
translations of 000 through 111 select shift register bits 8 through 15, respectively. 

Bit 16 specifies whether the selected bit is to be set or cleared as follows: a one equals 
set and a zero equals clear. Bits 20 through 23 specify the file register address when 
the I-bus usage field (bits 4 through 7) selects the file register. 
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FIPS Device Interface Control Package 


The FIPS device interface communicates with the processor via a designated area in 
memory called the control package. The processor controls the FIPS device interface by 
setting up control-sequence buffers in memory, storing into control-package locations, 
and writing into pseudo-memory locations called control addresses. The processor 
obtains status information from the FIPS device interface by reading locations from the 
control sequence buffer and the control package. The control package for the FIPS 
device interface consists of seven 16-bit words in memory as follows. 


Hex 

Address Contents 

0028 Starting address of control sequence 
0029 Device address 

002A Control sequence ending status 

002B Control sequence execution address 
002C Request in 

002D Ending status for aborted FIPS transfer 
002E Delay count 


‘Starting Address of Control Sequence 


The processor stores a 16-bit address in location 0028,¢. The FIPS device interface uses 
this 16-bit address as the starting address of a control sequence. 


Device Address 


The processor stores an 8-bit device address in bits 8 through 15 of location 0029).¢. 
Bits 0 through 7 are not used. During a select sequence, the device address is sent by 
the FIPS device interface to the device and is also compared with the address returned 
from the device. 


Control Sequence Ending Status 


The processor clears location 002A,;¢ before initiating a FIPS device interface control 
sequence. Upon completion of a control sequence, the FIPS device interface stores the 
ending status in this location. The processor can read this location to determine when 
the FIPS device interface has completed a control sequence. The format for the control 
sequence ending status bits is shown in figure 3-23 and defined in the following 
paragraphs. 
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Oo 1 3. 4 5 6 7 8 Ge sok 


NOT srATUS tS . 
USED 
-_ DEVICE INTERFACE ERROR 
FIPS SEQUENCE ERROR 


SELECT SEQUENCE COMPARE ERROR 
ENDING SEQUENCE COMPARE ERROR 


| NORMAL END X04383 


Figure 3-23. Control Sequence Ending Status Format 


Normal End - Bit 0 


The FIPS device interface has completed a control sequence without detecting any 
errors. When this bit is set, bits 1 through 15 are not used. 


Bits 1 Through 3 


These bits are not used. 


Ending Sequence Compare Error ~ Bit 4 


The FIPS device interface detected a status compare error on an ending sequence. 
When this bit is set, bits 8 through 15 contain the actual FIPS status byte as follows.4 


Bit Indicator 


8 Attention 

9 Status modifier 
10 Control unit end 
11 Busy 

12 Channel end 

13 Device end 

14 Unit check 

15 Unit exception 


4. Refer to Appendix D for a detailed description of these bits. 
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Select Sequence Compare Error - Bit 5 


The FIPS device interface detected a status compare error on a select sequence. When 
this bit is set, bits 8 through 15 contain the actual FIPS status byte as follows. 


Bit Indicator 


8 Attention 

9 Status modifier 
10 Control unit end 
11 Busy 

12 Channel end 

13 Device end 

14 Unit check 

15 Unit exception 


FIPS Sequence Error — Bit 6 


The FIPS device interface detected a sequence error. When this bit is set, bits 8 
through 15 indicate the following. : 


Bit Indicator 


8-10 Not Used 

11 CCC FIPS channel detected a disconnect in 
12 Timeout on FIPS transfer 

13 Address miscompare on select sequence 

14 No request in on polling sequence 

15 Select in received on select sequence 


FIPS Device Interface Error - Bit 7 


The FIPS device interface detected an error on a function, parameter, data or status. 
When this bit is set, bits 8 through 15 indicate the following. 


Bit Indicator 


8 Buffer underflow/overflow 
9 MBL not met on a read 
10 ~=Filag bit detected 

11 Tag or bus-out fault 

12 ~+=&Bus-in parity error 

13 Read path parity error 
14 Memory parity error 

15 Write path parity error 
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A FIPS microcode trace table is stored in memory that provides additional information 
pertaining to these error conditions. The various memory locations and information 
stored are as follows. 


Address Contents 


1F00 Register file 0 ~ Word 1 of function being executed 
1F01 Register file 1 - Sequence ending status 
Bit 00 Normal end 
Bit 04 Ending sequence compare error 
08-15 Actual FIPS status (see bit 4 description) 
Bit 05 Select sequence compare error 
08-15 Actual FIPS status (see bit 5 description) 
Bit 06 FIPS sequence error 
12 Timeout on FIPS transfer 
13 Device address miscompare 
14 No request in on polling sequence 
15 Select in received 
Bit 07 FIPS parity error 
08 Buffer underflow/overflow 
09 Minimim block length not met 
10 Flag bit detected 
11 Tag or bus-out fault 
12 Bus-in parity error 
13 Read path parity error 
14 Memory parity error 
15 Write path parity error, upper or lower 
1F02 Register File 2 - Flags 
Bit 14 Select out 
1F03 Register file 3 - temporary storage 
1F04 Register file 4 - delay counter 
1F05 Register file 5 - A/D register during trace 
1F06 Register file 6 - memory address register for current function 
1F07 Register file 7 - memory address register for previous function 
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1F08 Control flag 0 
Bit 00 Channel waiting for data 
Bit 01 Not buffer full 
Bit 02 Buffer underflow/overflow 
Bit 03 Bus-out fault 
Bit 04 Tag-out fault, upper 
Bit 05 | Status in 
Bit 06 Service in 
Bit 07 Data in 
Bit 08 FIPS transfer started 
Bit 09 Tag-out fault, lower 
Bit 10 Address in 
Bit 11 Operational in 
Bit 12 Disconnect in 
Bit 13 Select in 
Bit 14 Request in 
Bit 15 Metering in 
1F09 Control flag 1 
Bit 00 Start FIPS sequence 
Bit 01 Not X8 upper (upper bit of block ID) 
Bit 02 Write data path parity error, lower 
Bit 03 X register upper parity bit 
Bit 04 CYBER DMA complete 
Bit 05 ’ Test circuit completed 
Bit 06 Not buffer empty 
Bit 07 CYBER write complete 
Bit 08 Memory read parity error 
Bit 09 Read data path parity error 
Bit 10 Write data path parity error, upper 
Bit 11 Bus-in parity error 
Bit 12 Flag bit detected 
Bit 13 Length 
Bit 14 Compare error upper 
Bit 15 Byte count = 0 
1FO0A Each location contains the FIPS microcode revision number 
1F0OF Each location contains the FIPS microcode revision number 


Status - Bits 8 Through 15 


The FIPS device interface sets eight bits of status. The definition of these status bits 
depends on the state of bits 0 through 7 preceding. To analyze the status from an HPA 
listing, append four leading zeros to the 12-bit status word on the HPA listing. 
Consider this word to be hexadecimal, with the leftmost bit being bit 0. 
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Control Sequence Execution Address 


The FIPS device interface stores the address of the current contro] sequence function 
being executed. The processor uses this address to help determine the appropriate 
recovery procedure to initiate in the event of an error and to monitor the progress of 
the sequence. When the sequence completes, the FIPS device interface stores the 
address of the last function executed before a halt function or the address of the 
function that was aborted. 


Request In 


When the FIPS device interface is in its idle loop, it sets or clears bit 0 of this 16-bit 
location to indicate the state of the request-in line. The processor uses this bit to 
determine when a polling sequence is being requested by a device on the FIPS channel. 


Ending Status for Aborted FIPS Transfer 


The contents of this memory location are meaningful only if the FIPS device interface 
detects an error other than a time-limit error during a FIPS transfer. If such an error 
occurs, the FIPS interface automatically performs an ending sequence and the status 
received from the device is stored in this location. 


Delay Count 


The content of this memory location specifies the delay count to be used when a 
delayed exit is made from an ending sequence function or a jump function. If bit 13 of 
the first word of either of these functions is set, location 002E;,¢ is read and used as a 
delay count. The length of the delay is (8 + 2n) x 0.160 microseconds, where n is the 
count read from this location. 


FIPS Device Interface Control Sequence 


The FIPS device interface executes contro] sequences that are set up in memory by the 
processor. The processor must first place the device address and the starting address of 
the control sequence in the control package, clear the ending status in the control 
package, and set the initiate sequence condition by writing into control address E000j¢. 
When the FIPS device interface detects the initiate sequence condition, it reads the 
starting address from the control package. The starting address is assumed to contain a 
function that is decoded and executed. Sequential locations in the control sequence 
buffer are used if the function requires parameters or stores status. When the FIPS 
device interface has completed execution of the function, the next sequential location is 
read and again assumed to contain a function to be executed. This process continues 
until a halt or branch function is encountered. All sequences must terminate with a 
halt function. When the FIPS device interface detects a halt function, it stores the 
ending status in the control package and returns to its idle loop to wait for initiation 
of another sequence. A control] sequence is aborted and the ending status is stored if 
the FIPS device interface detects an error other than a status-compare error during the 
execution of any function. When a control sequence is aborted, the FIPS tag sequence 
is completed leaving the channel ready for a new select sequence. If a channel timeout 
occurs, it may be necessary to execute a system reset before the next-select-sequence 
operation. 
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Control Sequence Functions 


The control sequence buffer is a list of control sequence functions that the FIPS device 
interface executes for the processor. These functions are described in detail in the 
following paragraphs. Note that bit 0 of the first word of some functions is a program 
synchronization point. If this bit is set, a scope-synchronization pulse is generated for 
maintenance purposes. Some functions include link bits to speed up time-critical 
sequences. When the control sequence function completes, the link bits are tested. If 
one bit is set, the next function is assumed to be the specified linked function. That 
function is then executed without requiring the time to scan and decode bits 3 through 
7. When functions are linked, the scope synchronization pulses are not generated and 
the control sequence executive address in the control package is not updated. Bits 3 
through 7 of the first word of each function are scanned to decode the function. 


Select Sequence Function - x0xx 


The select sequence function performs an initial select sequence on the FIPS interface. 
This function requires five memory locations in the control sequence buffer as shown in 
figure 3-24. 


0 123 4 5 6 7 8 9 10 11 12:13 14 15 | 
woro1 | | fofofojofo| | | | | | | | 


“a, .aee 
NOT FUNCTION | Ls CHAIN | 
USED DECODE IMMEDIATE 
NOT USED 
STREAM MODE 
ha NOT USED : 
{ 


LINK TO JUMP 
LINK TO LOAD TRANSFER REGISTERS 
LINK TO START FIPS TRANSFER 


0 78 15 

WORD 3 
Ay woro« [olo[e [ole] o]olo| actus sravus | 
[___cOwPanE ERROR sun aponess | 


WORD 5 COMPARE ERROR JUMP ADDRESS 


NOTE: 
THIS MEMORY LOCATION IS WRITTEN BY THE FIPS DEVICE INTERFACE. 


Figure 3-24. Select Sequence Function Format 


The FIPS device interface compares the initial status received from the device (actual) 
with bits 8 through 15 of word 3 (expected). If the expected and actual initial status 
are unequal, the control sequence branches to the address specified in word 5. If the 
expected and actual status are equal, the branch address is not used and the control 
sequence continues sequentially. 


Word 1, Bit 0 - Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
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Word 1, Bits 1 and 2 = Not Used 


Word 1, Bits 3 Through 7 - Function Decode 


These bits contain the function code. 


Word 1, Bit 8 - Link to Start FIPS Transfer 


When this bit is set and no initial-status-compare error occurs, the select sequence is 
linked to a start FIPS transfer. 


Word 1, Bit 9 - Link to Load Transfer Registers 


When this bit is set and no initial-status-compare error occurs, the select sequence is 
linked to a load-transfer-registers function. 


Word 1, Bit 10 - Link to Jump 


When this bit is set and no initial-status-compare error occurs, the select sequence is 
linked to a jump function. 


Word 1, Bit 11 - Not Used 


Word 1 , Bit 12 - Stream Mode 


When this bit is set, the UDI microcode does not drop service out during a select 
sequence. This allows the hardware to start up prior to starting the data transfer. 
Dropping service out starts the data transfer immediately. 


Word 1, Bit 13 - Not Used 


Word 1, Bit 14 - Immediate 


This bit must be set for all device commands that do not have data, status, or 
parameters to be transferred. No ending sequence is used with immediate commands. 


Word 1, Bit 15 - Chain 


When this bit is set, it allows the select sequence to execute with command chaining 
performed on immediate .commands. Command chaining allows only the coupler to 
command the device. 


Word 2, Bits 0 Through 7 - Not Used 


Word 2, Bits 8 Through 15 ~ Device Command 


These bits, set by the processor, form a command code that is transmitted to the FIPS 
device. 


Word 3, Bits 0 Through 7 - Not Used 
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Word 3, Bits 8 Through 15 - Expected Initial Status 


These bits are used for comparison with the initial-status bits received from the device 
connected to the FIPS channel. 


Word 4, Bits 0 Through 15 - Actual Initial Status 


This word is written by the FIPS device interface to make initial status available to 
the processor. Bits 0 through 7 are zeros, and bits 8 through 15 contain the status byte 
received from the device. 


Word 5, Bits 0 Through 15 - Compare Error Jump Address 


Word 5 contains a 16-bit branch address for use when the expected and actual initial 
status bytes are unequal. 


Input Sense Bytes Function - x2NN 


This function inputs from 1 to 255 status bytes from the device connected to the FIPS 
channel and stores them in memory for use by the processor. The number of bytes of 
sense information provided by the device is dependent on the specific device command 
sent during the select sequence. This function requires n+2 memory locations in the 
con<rol sequence buffer, where n is the maximum number of sense bytes to input and 
store. The device may return less than n bytes. The sense bytes are stored in the 
rightmost position of a memory location. 


This function uses the UDI microcode to transfer the sense bytes from the FIPS device 
and is quite slow. A preferred method is to use the DMA path. 


The input sense bytes function has the instruction format shown in figure 3-25. 
Significance of the words is described in the following paragraphs. 


1 2 3 86 5 6 7 8 15 


WORD 1 a 


NOT FUNCTION NUMBER OF 
USED CODE SENSE BYTES N) 


SYNC 


1 2 3 4 § 6 7 8 15 


Ax woro2 [oTeTo["[o[o[e[o] saaeenee 
el ee I ees ee 


Ce 
A\ wononss [oTo[o[olole|olo| saseevems | 
Ay woro we fofofofo[olelojo| Fiat count 


NOTE: 
A THESE MEMORY LOCATIONS ARE WRITTEN BY THE FIPS DEVICE INTERFACE. 
X04385 


Figure 3-25. Input Sense Bytes Format 
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Word 1, Bit 0 - Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
Word 1, Bits 1 and 2 - Not Used 


Word 1, Bits 3 Through 7 - Function Decode 


These bits contain the function code. 


Word 1, Bits 8 Through 15 - Number of Sense Bytes 


These bits specify the number of sense bytes (n) to input from the device. n must be in 
the range of 1 to 255. 


Word 2-to-Word n+1, Bits 0 Through 15 - Sense Bytes 


These words are written by the FIPS device interface to provide the processor with the 
requested number of sense bytes. Bits 0 through 7 are zeros and bits 8 through 15 
contain the sense bytes received from the device. If the device returns fewer than n 
sense bytes, the remaining words are skipped. 


Word n+2, Bits 0 Through 15 —- Final Count 


This word is written by the FIPS device interface to inform the processor of the actual 
number of sense bytes returned by the device. The number of sense bytes (n) from 
word 1 are the expected total from the device. If the device returns fewer than n sense 
bytes, the remaining words through n+1 are skipped. The final count is the number of 
words skipped. 


Ending Sequence Function - x3xx 


This function initiates an ending sequence on the FIPS device interface. This function 
requires four memory locations in the control sequence buffer. 


The FIPS device interface compares the ending status received from the device (actual) 
with bits 8 through 15 of word 2 (expected). If the expected and the actual] status are 
equal, the ending sequence completes, the branch address is not used, and the control 
sequence continues sequentially. If the expected and the actual ending status are 
unequal, the ending sequence does not complete and the control sequence branches to 
the address specified in word 4. 


The instruction format for the ending sequence is shown in figure 3-26. The bits of the 
four words are described in the paragraphs that follow. 
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o 1 2 3 4 § 6 7 8 9 10 11 12 13 14 15 


wore (T_JePPe DDT TTI I TT 
ee pe 
CLEAR FULL/EMPTY COUNTER 

SYNC DELAY 

NOT USED 

LINK TO COMPARE 
NOT USED 
LINK TO SELECT 


LINK TO JUMP 


0 78 15 
ZX woro3{o{ololo{olofo{o} actuat status 


WORD 4 COMPARE ERROR JUMP ADDRESS 


NOTE: 
Z\ THIS MEMORY LOCATION IS WRITTEN BY THE FIPS DEVICE INTERFACE. X04386 
Figure 3-26. Ending Sequence Function Format 


Word 1, Bit 0 - Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
Word 1, Bits 1 and 2 - Not Used 


Word 1, Bits 3 Through 7 - Function Decode 


These bits contain the function code. 


Word 1, Bit 8 — Link to Jump 


When this bit is set and no status compare error occurs, the ending sequence is linked 
to a jump function. 


Word 1, Bit 9 = Link to Select 


When this bit is set and no status compare error occurs, the ending sequence is linked 
to a select sequence. 


Word 1, Bit 10 - Not Used 


Word 1, Bit 11 - Link to Compare 


When this bit is set and a status compare error occurs, the ending sequence is linked 
to a compare function. 


Word 1, Bit 12 - Not Used 
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Word 1, Bit 13 - Delay 


If bit 13 of the first word of the ending sequence function is set, location 002E,¢ is 
read and used as a delay count. The length of the delay is (8 + 2n) x 0.160 s, where 
n is the count read from this location. 


Word 1, Bit 14 - Clear Full/Empty Counter 


When this bit is set and there is no status compare error, the FIPS interface clears 
the full/empty counter. 


Word 1, Bit 15 - Chain 


When this bit is set, the ending sequence executes with command chaining. When this 
bit is clear, the ending sequence is executed without command chaining. 


Word 2, Bits 0 Through 7 - Not Used 


Word 2, Bits 8 Through 15 ~ Expected Ending Status 


These bits are used for comparison with the ending status bits received from the device 
on the FIPS channel. 


Word 3, Bits 0 Through 15 = Actual Ending Status 


This word is written by the FIPS device interface to make the ending status available 
to the processor. Bits 0 through 7 are zeros, and bits 8 through 15 contain the actual 
status byte received from the device. 


Word 4, Bits 0 Through 15 - Compare Error Jump Address 


This word contains a 16-bit branch address for use when the expected and actual 
ending status are unequal. 


System Reset Function —- x40x 


This function performs a system reset or a selective reset on the FIPS device interface. 
This function requires one location in the control sequence buffer. After execution of a 
system reset, the operational-out tag line is high and all other tag lines are low. 


The instruction format for the system reset function is shown in figure 3-27. 


23 4 § 6 78 15 


NOT FUNCTION NOT 
USED DECODE USED 
SYNC SELECTIVE RESET 


X04387 


Figure 3-27. System Reset Function Format 
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Word 1, Bit 0 - Synchronization Point 
If this bit is set, a scope-synch pulse is generated for maintenance purposes. 


Word 1, Bits 1 and 2 — Not Used 


Word 1, Bits 3 Through 7 - Function Decode 


These bits contain the function code. 


Word 1, Bit 15 - Selective Reset 


When this bit is set, the FIPS interface performs a selective reset. When this bit is 
clear, a system reset is performed. 


Drop Suppress-Out Function - x500 


This function drops the suppress-out tag line on the FIPS device interface. This 
function requires one location in the control sequence buffer. The drop suppress-out 
function has the format shown in figure 3-28; no unique bit parameters are used. 


0123 4567 8 15 


Se, <a” I EE IE II 
NOT FUNCTION NOT 
USED DOECODE USED 


SYNC 


Figure 3-28. Drop Suppress-Out Function Format 


Polling Sequence Function - x60x 


This function performs a polling sequence on the FIPS device interface. The processor 
may test location 002C,,_ in the control package to determine whether a polling 
sequence is being requested. The function requires three locations in the control 
sequence buffer. If the request-in line on the FIPS interface is not high when this 
function is executed, the following occurs. 


e A polling sequence error is indicated in the control package. 
@ The function is aborted. 


@ The FIPS device interface returns to its idle loop and waits for another sequence to 
execute. 


The format for the polling instruction is shown in figure 3-29. The bit parameters for 
the three words comprising the function are described in the following paragraphs. 
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o 1 2 3 4 5 6 7 8 9 10 11 14~=«15 


word? | | fofojs{r{ojofofo| 
~~, Se, a Ce, ee 
c FUNCTION LINK NOT i: 
USED DECODE USED 
CHAIN 


SYNC 


A\ wono 2 [oTe]o[e]o[e]o[e] veviee aspnes 
Ay woros fofefofelefefole] pence stars 


NOTE: 
THESE MEMORY LOCATIONS ARE WRITTEN BY THE FIPS DEVICE INTERFACE. 


X08389 


Figure 3-29. Polling Sequence Function Format 


Word 1, Bit 0 - Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
Word 1, Bits 1 and 2 - Not Used 


Word 1, Bits 3 Through 7 — Function Decode 


These bits contain the function code. 


Word 1, Bits 8 Through 10 - Link 


These bits must be zero for a polling sequence. 

Word 1, Bits 11 Through 14 ~ Not Used 

. Word 1, Bit 15 — Chain 

When this bit is set, the polling sequence is executed with command chaining. 


Word 2, Bits 0 Through 15 - Device Address 


This word is written by the FIPS device interface. Bits 0 through 7 are zero, and bits 
8 through 15 contain the device address byte received from the peripheral device. 


Word 3, Bits 0 Through 15 - Device Status 


This word is written by the FIPS device interface. Bits 0 through 7 are zero, and bits 
8 through 15 contain the ending status byte received from the peripheral device. 
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Compare Function - x7xx 


This function compares the expected bus-in byte (word 2) with the last actual bus-in 
byte (word 3) that was received from the peripheral device. If the two bytes are not 
equal, the control sequence branches to the address specified in word 4. If the two 
bytes are equal, an ending sequence, or a select sequence that ¢:i not complete due to 
a compare error, is completed. Command chaining occurs if the <hain bit is set in word 
1 of the select sequence or the ending sequence. This function requires four locations in 
the control sequence buffer. The format for the compare function is shown in 

figure 3-30. Bit parameters for the words comprising this function are described in the 
somas paragraphs. 


1 2 3 4 § 6 7 8 9 10 14 12 15 


WORD 1 eS 


~~ 
NOT | FUNCTION LINK NOT 
USED DECODE : USED 
SYNC =. TO COMPARE 
LINK TO JUMP 


WORD 2 
AX woros [e[olelelolelo[o| acruat susw | 


WORD 4 COMPARE ERROR JUMP ADORESS 


NOTE: 
AN THIS MEMORY LOCATION IS WRITTEN BY THE FIPS DEVICE INTERFACE. 


X04390 


Figure 3-30. Compare Function Format 


Word 1, Bit 0 - Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
Word 1, Bits 1 and 2 ~ Not Used 


Word 1, Bits 3 Through 7 - Function Decode 


These bits contain the function code. 


Word 1, Bits 8 and 9 = Link 


These bits must be zero. 


Word 1, Bit 10 - Link to Jump 


When this bit is set, the compare function is linked to a jump function if no compare 
error occurs. 
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Word 1, Bit 11 - Link to Compare 


When this bit is set, the compare function is linked to another compare function if a 
compare error occurs. 


Word 1, Bits 12 Through 15 - Not Used 
Word 2, Bits 0 Through 7 - Not Used 


Word 2, Bits 8 Through 15 - Expected Bus In 


These bits are used for comparison with the last status byte received from the 
peripheral device (word 3). 


Word 3, Bits 0 Through 15 - Actual Bus In 


This word is written by the FIPS device interface. Bits 0 through 7 are zero, and 
bits 8 through 15 contain the last status byte received from the peripheral device. 
Word 3 is written regardless of the state of the branch condition. 


Word 4, Bits 0 Through 15 - Compare Error Jump Address 


This word contains a 16-bit branch address for use when the expected and actual status 
bytes are unequal. 


Jump Function - x8xx 


The jump function causes the control sequence to unconditionally branch to the address 
specified in word 2 of the function. The instruction format is shown in figure 3-31 and 
the significance of the parameters is described in the following paragraphs. 


1 #2 3 4 5 6 7 8 9 10 11 12 13 14 


WORD 1 PL per trrel TTI TL 


NOT FUNCTION aa ae ia USED 
USED DECODE USED 
Se DELAY 


NOT USED 
LINK 
LINK TO SELECT 


0 15 
JUMP ADDRESS 


Figure 3-31. Jump Function Format 


Word 1, Bit 0 — Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
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Word 1, Bits 1 ‘and 2 - Not Used 


Word 1, Bits 3 Through 7 — Function Decode 


These bits contain the function code. | 


Word 1, Bit 8 - Link to Select 


When this bit is set, the jump function will be linked to a select sequence. 
Word 1, Bits 9 and 10 - Not Used 


Word 1, Bit 11 - Link 


This bit must be zero. 
Word 1, Bit 12 = Not Used 


Word 1, Bit 13 - Delay 


If bit 13 of the first word of the ending sequence function is set, location 002Ey,¢ is 
read and used as a delay count. The length of the delay is (8 + 2n) x 0.160 s, where 
n is the count read from this location. 


Word 1, Bits 14 and 15 -— Not Used 


Word 2, Bits 0 Through 15 - Jump Address 


This word contains the 16-bit branch address. 


Halt Function - x900 


This function causes the control sequence to terminate. The FIPS device interface 
checks for error conditions, sets the appropriate bits in the control package, and goes 
to an idle loop to wait for another sequence. If a select sequence or an ending sequence 
was not completed due to a compare error, the halt function completes the channel 
sequence without any command chaining. The format for the halt function is shown in 
figure 3-32. 


FUNCTION 
DECODE 
UNCONDITIONAL HALT 


X04392 


Figure 3-32. Halt Function Format 
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Word 1, Bit 0 - Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
Word 1, Bits 1 and 2 - Not Used 


Word 1, Bits 3 Through 7 - Function Decode 


These bits contain the function code. 
Word 1, Bits 8 Through 14 - Not Used 


Word 1, Bit 15 - Unconditional Halt 


When bit 15 is set, the halt function executes without attempting to complete a 
channel sequence. This allows functions to be executed for diagnostic purposes even if 
the FIPS device is malfunctioning. 


Load Code Table - xA0x 


This function loads the read or write code table. Before issuing this function, the select 
code conversion function should be used to enable code conversion and select the 
desired code table. This function requires 257 memory locations in the control sequence 
buffer. The format for the load code table function is shown in figure 3-33 and 
described in the following paragraphs. 


012 3 4 § 6 7 8 14 (15 | 
worot] | jolijojijo]  —Ss—Csd:sCd 
EN, ae al 
NOT FUNCTION NOT 
USED DECODE USED 
SYNC SELECT WRITE 
TABLE 
0 7 8 15 


WORD 2 CONVERSION CODE 0 NOT USED 


Figure 3-33. Load Code Table Function Format 


Word 1, Bit 0 - Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
Word 1, Bits 1 and 2 - Not Used 


Word 1, Bits 3 Through 7 ~ Function Decode 


These bits contain the function code. 
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Word 1, Bits 8 Through 14 - Not Used 


Word 1, Bit 15 = Select Write Table 


The write code table is loaded when this bit is set. When this bit is clear, the read 
code table is loaded. 


Word 2-to-Word 257, Bits 0 Through 7 - Conversion Code 


These bits are the conversion codes that are stored in the code table. 
Word 2-to Word 257, Bits 8 Through 15 - Not Used 


Read Code Table - xB0x 


This function reads the read or write code table and stores it in memory. Before 
issuing this function, the processor should use the select code conversion function to 
enable code conversion and select the desired code table. This function requires 

257 memory locations in the control sequence buffer. The format for the read code 
table function is shown in figure 3-34 and described in the following paragraphs. 


0 1 2 3 4 5 6 7 8 14 «(15 


word {| | _jolrjojvjs| 


Se, So 
NOT FUNCTION NOT 
USED DECODE USED 
SYNC SELECT WRITE 
TABLE 
0 7. 8 15 


WORD 2 


woro 257 |_conversion cove 255 _|o|o|ololo{o|o{o | 


Figure 3-34. Read Code Table Function Format 


Word 1, Bit 0 - Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. | 
Word 1, Bits 1 and 2 - Not Used 


Word 1, Bits 3 Through 7 - Function Decode 


These bits contain the function code. 


Word 1, Bits 8 Through 14 - Not Used 
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Word 1, Bit 15 - Select Write Table 


When this bit is set, the write code table is read and stored in memory. When this bit — 
is clear, the read code table is read and stored in memory. 


Word 2-to-257, Bits 0 Through 15 Z Conversion Code 


These words are written by the FIPS device interface. Bits 0 through 7 contain the 
conversion codes read from the code table, and bits 8 through 15 are zero. 


Select Code Conversion — xC0x 


This function allows the processor to select one of four code tables and enable code 
conversion and flag-bit detection. The format for the select code conversion function is 
shown in figure 3-35 and described in the following paragraphs. 


i ban 7. 


! 

| 

| 

I 

° | 

| 

NOT FUNCTION "NOT | 
USED DECODE USED ! 
TABLE SELECT CODE 

! 

SYNC ENABLE FLAG DETECTION | 


ENABLE CODE CONVERSION X04395 


Figure 3-35. Select Code Conversion Function Format 


Word 1, Bit 0 - Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
Word 1, Bits 1 and 2 = Not Used 


Word 1, Bits 3 Through 7 = Function Decode 


These bits contain the function code. 


Word 1, Bit 8 — Enable Code Conversion 


When this bit is set, code conversion is enabled and subsequent data transfers are 
gated through the code conversion tables. When this bit is clear, code conversion is 
disabled and data transfers are gated around the code conversion tables. 


Word 1 , Bit 9 - Enable Flag Detection 


When this bit is set, flag-bit detection is enabled. When this bit is clear, flag-bit 
detection is disabled. 


Word 1, Bits 10 Through 13 - Not Used 
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Word 1, Bits 14 Through 15 - Table Select Code 


These bits are used to select one of four pairs of read/write code tables. 


Load Transfer Registers — xDxx 


This function allows the processor to set up the transfer registers for a read or write 
operation. The format for the load transfer registers function is shown in figure 3-36 
and described in the following paragraphs. 


12 3 4 5 6 7 8 9 10 41 12 13 14 15 


WORD 1 a os a 


" BUNCTION NOT 
“Not DECODE USED eae READ COMPLETE 


ce ODD BYTE 


SYNC as) a LOAD 
PARTIAL LOAD 
LINK TO START FIPS TRANSFER 


LINK TO ENDING SEQUENCE 


15 


o1 2 
word2| | | MINIMUM BLOCK LENGTH 


Li WAIT 
WRITE OPERATION 


ot. 72 15 
wonD 3 
P+ [____FiPs ADDRESS COUNTER 

BYTE COUNTER 


*FIPS/CYBER ADDRESS REGISTER 


Figure 3-36. Load Transfer Registers Function Format 


Word 1, Bit 0 — Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
Word 1, Bits 1 and 2 - Not Used 


Word 1, Bits 3 Through 7 - Function Decode 


These bits contain the function code. 
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Word 1, Bit 8 - Link to Ending Sequence 


When this bit is set, the load transfer registers function is linked to an ending 
sequence. If this bit is set, bits 14 and 15 are not used. 


Word 1, Bit 9 ~ Link to Start FIPS Transfer 


When this bit is set, the load transfer registers function is linked to a start FIPS 
transfer. If this bit is set, bits 14 and 15 are not used. 


Word 1, Bits 10 and 11 - Not Used 


Word 1, Bit 12 + Partial Load 


When this bit is set, the FIPS address register or the CYBER address register is 
selected to load words 4 and 6 of the load transfer registers function. This is used to 
transfer data from the CYBER channel while sending the search ID parameters to the 
disk controller during a write function. When this bit is clear, all words of the load 
transfer registers function are loaded. 


Word 1, Bit 13 - Conditional Load 


When this bit is set, the FIPS device interface checks the status of the last CYBER 
‘interface DMA operation before loading the transfer registers. If the CYBER interface 
completed the data transfer, the transfer registers are loaded and the branch address is 
not used. If the CYBER interface did not complete the data transfer, then the FIPS 
device interface does not alter the transfer registers and the control sequence branches 
to the address in word 7. 


Word 1, Bit 14 - Set Odd Byte 


When this bit is set, the FIPS device interface sets the Odd Byte signal to the CYBER 
interface. This may be used for diagnostic purposes. 


Word 1, Bit 15 - Set Read Complete 


When this bit is set, the FIPS device interface sets the Read Complete signal to the 
CYBER interface. This may be used for diagnostic purposes. 


Word 2, Bit 0 = Write Operation 


This bit selects the direction of data transfers. If this bit is set, the transfer is from 
the CYBER channel to the FIPS device. If this bit is clear, the transfer is from the 
FIPS device to the CYBER channel. 


Word 2, Bit 1 - Wait 


When this bit is set, the loading of registers is stopped. This is used during a data 
stream read operation. When this bit is cleared, the loading of registers resumes. 


Word 2, Bits 2 Through 15 - Minimum Block Length 


These bits are used to set the minimum-block-length register. 
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Word 3, Bit 0 - Not Used 


Word 3, Bits 2 Through 15 - Full/Empty Counter 


These bits are used to load the full/empty counter. 
Word 4, Bits 0 Through 2 - Not Used 


Word 4, Bits 3 Through 15 - FIPS Address Counter 


_This word contains the lower 13 bits of the FIPS address that is to be loaded into the 
FIPS address counter of the transfer logic. The upper 3 bits are provided by bits 0, 1, 
and 2 of word 5. 


Word 5, Bits 0 Through 2 — FIPS/CYBER Address Register - 


Bits 0, 1, and 2 specify the upper three bits of the FIPS or CYBER address used by 
the transfer logic. 


Word 5, Bits 3 Through 15 - CYBER Address Counter 
This word contains the lower 13 bits of the CYBER address that is to be loaded into 


the CYBER address counter of the transfer logic. The upper 3 bits are provided by 
bits 0, 1, and 2 of word 5. 


Word 6, Bits 0 Through 15 - Byte Counter 


These bits are used to load the byte counter. 


Word 7, Bits 0 Through 15 - Jump Address 


This word contains a 16-bit branch address for use when a conditional load is selected 
and a CYBER DMA is not complete. 
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Read Transfer Registers - xE00 


This function allows the processor to check the contents of the transfer registers. The 
format for the read transfer registers function is shown in figure 3-37 and described in 
the following paragraphs. 


| Ly These memory locations are written by the FIPS device intertace. 


Figure 3-37. Read Transfer Registers Function Format 


0123 45 6 7 8 15 


pias Oe OT HE eee 


Ne a Ney pee Neem, penance 
Not Used  FunctionDecode Not Used 


Syne 
0123 45 6 7 B 15 


wore 2 [OTOTOToTO]o]o]o] _Mnmum Bloc Length 
{ 


LL Write Operation 
o 12 15 


L\ 
L\ Word 3 poyo} ——————FulemptyCouner 
A Word 4 FIPS Address 


Word 5 CYBER Address 
Word 6 


MO04408 


Word 1, Bit 0 - Synchronization Point 


_ If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
Word 1, Bits 1 and 2 - Not Used 


Word 1, Bits 3 Through 7 - Function Decode 


These bits contain the function code. 
Word 1, Bits 8 Through 15 - Not Used 


Word 2, Bits 0 Through 15 + Minimum Block Length 


This word is written by the FIPS device interface. Bit 0 indicates the state of the 
direction latch, and bits 2 through 15 contain the minimum block length. 


Word 3, Bits 0 Through 15 - Full/Empty Counter 


This word is written by the FIPS device interface. Bits 0 and 1 are zero. Bits 2 
through 15 contain the current value of the full/empty counter. 
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Word 4, Bits 0 Through 15 - FIPS Address 


This word is written by the FIPS device interface. It contains the current value of the 
FIPS address counter. 


Word 5, Bits 0 Through 15 - CYBER Address 


This word is written by the FIPS device interface. It contains the current value of the 
address/CYBER address counter. 


Word 6, Bits 0 Through 15 ~- Byte Counter 


This word is written by the FIPS device interface. Bits 0 through 15 contain the 
current value of the byte counter. 


Read Block ID - xF00 
This function allows the processor to read the block ID code generated on read and 


write operations. The format for the read block ID function is shown in figure 3-38 and 
described in the following paragraphs. 


12 3 4 5 6 7 


0 | 
Ay woro2[ofolo[o[o[o[o] moxm 
Ay woros [ofefefoleolo| exrenoeo 
NOTE: 
THIS MEMORY LOCATION !S WRITTEN BY THE FIPS DEVICE INTERFACE . 


X04387 


Figure 3-38. Read Block ID Function Format 


Word 1, Bit 0 - Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
Word 1, Bits 1 and 2 = Not Used 


Word 1, Bits 3 Through 7 - Function Decode 


These bits contain the function code. 


Word 1, Bits 8 Through 15 - Not Used 
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Word 2, Bits 0 Through 15 - Block ID 


This word is written by the FIPS device interface. Bits 0 through 6 are zero, and bits 
7 through 15 contain the block ID. 


Word 3, Bits 0 Through 15 - Extended ID 


This word will be all zeros. 


Start FIPS Transfer - 10xx 


This function causes the FIPS device interface to start a data:transfer on the FIPS 
device. The FIPS UDI gives up its memory slot time and the data transfer proceeds 
under control of the transfer logic. The FIPS UDI waits for the transfer to complete 
before continuing the control sequence. The FIPS device interface aborts if the data 
transfer on the FIPS device does not begin within the time interval specified by 
word 2. The format for the start FIPS transfer function is shown in figure 3-39 and 
described in the following paragraphs. 


Parameter Transfer 


Steam Mode 
Disable Timer 
Wait for Butter Full 
Link t Load Transter Registers 


FunctionDecode LL Disable Butter Full 
Diagnostic Mode 
Data Stream Write Enable Byte Count 
Not Used 


Figure 3-39. Start FIPS Transfer Function Format 


Word 1, Bit 0 — Synchronization Point 


If this bit is set, a scope-synch pulse is generated for maintenance purposes. 
Word 1, Bit 1 - Not Used 


Word 1, Bit 2 = Data Stream Write 


When this bit is set, the direction of streaming data flow will be from the CCC to the 
control unit. 


Word 1, Bits 3 Through 7 ~ Function Decode 


These bits contain the function code. 
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Word 1, Bit 8 - Link to Load Transfer Registers 


When this bit is set, the start FIPS transfer function is linked to a load transfer 
registers function. 


Word 1, Bit 9 ~ Wait For Buffer Full 


When this bit is set, the ccc will not initiate a data transfer to the peripheral device 
until the circular buffer has been filled with data from the host (CYBER). 


Word 1, Bit 10 - Disable Timer 


When this bit is set, the time limit is disabled. 


Word 1, Bit 11 — Stream Mode 


When this bit is set, the data stream logic is used to transfer data to/from the FIPS 
device. Stream mode is used only for read and write functions (not for control). 


Word 1, Bit 12 - Parameter Transfer 


When this bit is set, the logic does not decrement the full/empty counter. This is used 
when sending parameters to the FIPS device while the CYBER channel is receiving 
data from the PP. 


Word 1, Bit 13 — Enable Byte Count 


When this bit is set, the FIPS transfer terminates when the byte count is equal to 
zero. If this bit is not set, read operations are terminated when the device sends a 
Status-In signal, and write operations are terminated when the device sends a Status 
In or when there is no more data to send to the device and either the Data-In or 
Service-In signals are received from the device. If this bit is to be used, the byte 
counter must first be loaded with n -1 where n is the exact number of bytes the device 
will transfer. 


Word 1, Bit 14 - Diagnostic Mode 


When this bit is set, the FIPS device interface performs a diagnostic read or write 
operation. 


For a diagnostic read operation, data is moved from the data bus into memory under 
control of the transfer logic. The FIPS device interface forces an alternating data 
pattern on bus in. The pattern is FF with parity error followed by 00 without parity 
error. A total of 256 bytes are transferred to memory. Following a diagnostic read 
operation, the processor should verify that normal ending status is present. The data 
pattern and the length of the transfer should also be checked. The block ID character 
should be 183,.¢. 


If the stream mode bit (bit 11) is also set, a pattern of 00 through FF,, is transferred 
from the test circuits to memory. 


For a diagnostic write operation, data is moved from memory to bus out under control 


of the transfer logic. The full/empty counter is decremented with each word transferred 
and the operation ends when the buffer is empty. Prior to doing a diagnostic write, the 
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processor should load the transfer registers and place a known data pattern in buffer 
memory. Following the diagnostic write, the processor should verify that a normal 
ending status is present. The block ID character should also be read and verified. 


If the stream mode bit (bit 11) is also set, a pattern of 00 through FF, is transferred 
from memory to the transmitters and block ID. 


Diagnostic read/write operations use bits 0 through 7 of buffer memory words. Bits 8 _ 
through 15 will equal bits 0 through 7. | 


Word 1, Bit 15 - Disable Buffer Full 


When this bit is set, the FIPS device interface resets the full/empty counter at 
intervals of less than 3 s. This prevents the buffer from going full when read data is 
not being transferred to the CYBER interface. This allows generation of a block ID 
without transfer of data on the CYBER channel. 


Word 2, Bits 0 Through 15 ~ Time Limit 


This count is used by the FIPS device interface to timeout the start of data transfer on 
the FIPS device. Time is specified in 100-s increments. If the specified time interval 
elapses without the data transfer starting, the FIPS device interface aborts the control 
sequence. A count of zero should not be specified. The maximum delay is 6.55 s. This 
timer is disabled if bit 10 is set in word 1. 


Control Addresses 


The FIPS device interface uses special control addresses. When the processor writes 
into address E000;¢, the FIPS device interface detects a Start FIPS Sequence signal. 
The FIPS device interface then clears this signal and begins executing a control 
sequence at the address specified in the control package. When the processor writes 
into address E002,¢, the FIPS device interface receives a master clear pulse. Both of 
these contro] addresses are decoded by the transfer logic. The write instruction must be 
a fullword write. 


Interrupt 


The FIPS device interface does not interrupt the processor. The control package is used 
to indicate an abnormal condition detected by the FIPS device interface. 


Master Clear 


The FIPS device interface is master cleared by a power-on application, CYBER channel 
master clear, pushbutton master clear, or a programmable master clear. The 
programmable master clear is generated when the processor writes into control address 
E0026. 


When the FIPS device interface receives any of the preceding master clear signals, the 
upper LED on module A18 lights and the UDI is forced to a special idle loop where it 
waits for the processor to initiate a control sequence. When the processor initiates a 
control sequence, the FIPS device interface first executes the UDI diagnostic, then 
executes the control sequence, and finally goes to the normal idle loop. When the 
diagnostic completes, the LED extinguishes. If an error is detected by the diagnostic, 
the LED remains lit and the UDI does not start the idle loop or return a control 
sequence ending status in the control package. 
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Transfer Logic 


The transfer logic provides the necessary hardware to transfer data from the CYBER 
channel interface through memory to the FIPS device interface and vice versa without 
requiring action from either UDI. The processor sets up the transfer by initiating a 
FIPS device interface control sequence to load the transfer registers. The processor then 
places the CYBER channel interface and/or the FIPS device interface in transfer mode. 
_ During the transfer, data is written into an 8000,, word circular buffer by one 
interface and read from that buffer by the other interface. When an interface is in 
transfer mode, its memory slot time is used by the transfer logic and its UDI is unable 
to reference memory. The UDI regains its memory slot time when the transfer 
completes or when a master clear signal is received. 


Major hardware elements of the transfer logic are described in the following 
paragraphs. 


Minimum Block Length Register 


The transfer logic includes a 14-bit minimum block length register. This register may 
be loaded by the processor via the FIPS device interface. The CYBER channel interface 
receives a buffer-empty condition until the full/empty counter is equal to the minimum 
block length. 


Direction Latch 


The transfer logic includes a direction latch. When this latch is set, a write operation 
is performed and data flow is from the CYBER channel interface to the FIPS device 
interface. When the latch is cleared, a read operation is performed and data flow is 
from the FIPS device interface to the CYBER channel interface. The processor may set 
or clear this latch via the FIPS device interface. 


Full/Empty Counter 


The full/empty counter is a 14-bit counter that may be loaded by the processor via the 
FIPS device interface. The counter is incremented when data is written into the 
circular buffer, and the counter is decremented when data is read from the buffer. The 
output of the counter is decoded to provide buffer full and buffer-empty conditions to 
the CYBER channel and FIPS device interfaces. A count of zero indicates buffer empty, 
and a count of 81929 (2000,,) indicates buffer full. 


FIPS Address Counter 


The transfer logic has a 16-bit address counter that is used during the FIPS device 
interface slot time of data transfers. This counter may be loaded by the processor via 
the FIPS device interface. The counter increments when the FIPS device interface reads 
or writes memory in transfer mode. The counter has a range of 0 to 8191,9 and will 
wraparound. This provides an 8192, location circular buffer. 


CYBER Address Counter 
This counter is identical to the FIPS address counter except that the address is used 


during the CYBER channel interface slot time, and the counter is incremented when 
the CYBER channel interface reads or writes memory. 
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Byte Counter 


The transfer logic includes a 16-bit counter, which may be used to terminate the start 
FIPS transfer function without waiting for the device to send a Status-In signal. The 
counter is loaded with n —1 where n is the number of bytes to be transferred. The 
count is then decremented as each byte is accepted by the device (write operation) or 
received from the device (read operation). 


60000495 A Programming 3-93 


Appendixes 


UDI Control Signal Assignments ............... 0... ccc cee eee tere eeeaes A-l 
Processor 1siaction COGES: 26S tu hacen hahah eeteko Saewhen ene SP eeewer Soles B-1 
FIPS I/F Sequence Charts: 66s yawsks. otc bci betwee Sen eared ee eae seas aneates C-1 
FIPS Device Interface situs desire A eRcas 2 8 oo een eas wecn 2 ea ay ee oe on eee eee D-1 


60000495 A 


UDI Control Signal Assignments | A 


This appendix provides information on the universal device interface (UDI) control 
signa] assignments for the CYBER channel interface and the Federal Information 
Processing Standards (FIPS) device interface. 


CYBER Channel Interface UDI Control Signals 
The CYBER channel interface UDI uses the I-bus select lines, register clocks, 


miscellaneous pulses, addressable latches, and the control flag register to control the 
CYBER channel interface. The usage of these lines is as follows. 


Register Clocks (Bits 9 Through 11) 
Bit Bit Bit 


9 10 11 

0 0 0 No operation 

0 1 UDI T register 

0 1 0 UDI XI1 register 

0 1 1 Processor control register 

1 0 0 Assembly/disassembly register 
1 0 1 Address counter register 

1 1 0 Length counter register 

1 1 1 Register file write (1 of 16) 


Miscellaneous Pulses, Aux 0 (Bits 21 Through 23, and Bit 20 Set) 


Bit Bit Bit Bit 
20 21 22 23 


1 0 0 0 Clear channel control 
1 0 0 1 Clear Errors 

1 0 1 0 Spare 

1 0 1 1 Disconnect channel 

1 1 0 0 Clear op-code altered 
1 1 0 1 Byte clock . 

I 1 1 0 Toggle bank select 

1 1 1 1 Spare 


60000495 A UDI Control Signal Assignments A-1 


CYBER Channel Interface UDI Control Signals 


FIPS Device Interface UDI Control Signals 
The FIPS device interface UDI uses the I-bus select lines, register clocks, miscellaneous 


clocks, auxiliary clocks, addressable latches, and control flag register to control the 
FIPS device interface. The usage of these lines is as follows. 


I-Bus Select (Bits 5 Through 7) 
Bit Bit Bit 


5 6 7 

0 0 0 10 Control flag register 

0 0 1 Il Data bus receive register 

0 1 0 12 R register multiplexer 

0 1 1 I3 PROM data (bits 16-23 to I bus bits 8-15) 
1 0 0 14 Assembly/disassembly register 

1 0 1 15 Transfer multiplexer 

1 1 0 16 Enable address or length count register 

1 1 1 17 File register (1 of 16, selected by bits 20-23) 


Register Clocks (Bits 9 Through 11) 
Bit Bit Bit 


9 10 11 

0 0 0 PO Not used 

0 0 1 Pi T register 

0 1 0 P2 X register 

0 1 1 P3 R register 

1 0 0 P4 Assembly/disassembly register 
1 0 1 P5 Address counter register 

1 1 0 P6 Length counter 

1 1 1 P7 File address register 


Miscellaneous Clocks (Bits 20 and 21) 


Bit Bit 

20 21 

0 0 MK10 Not used 

0 1 MK11 Increment address counter 

1 0 MK12 Decrement length counter 

1 1 MK13 Increment address counter and decrement length counter 


Miscellaneous Clocks (Bits 22 and 23) 


Bit Bit 

22 23 

0 0 MK0O0 Not used 

0 1 MKOl1 Clear DB full FF 

1 0 MK02 . Clear memory parity error 
1 1 MK03 Clear write complete 
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Addressable Latch (Bits 21 Through 23 and Bit 17 Set) 


Bit Bit Bit Bit 
17 21 22 23 


1 0 0 0 AP00 FIPS data transfer 
1 0 0 1 AP0O1 Write operation 
1 0 1 0 AP02 FIPS read complete 
1 0 1 1 AP03 Enable flag bit detect 
1 1 0 0 AP04 Transfer multiplexer select 0 
1 1 0 1 AP05 Transfer multiplexer select 1 
00 = FIPS address 
01 = CYBER address 
10 = Minimum block length 
11 = FulVempty counter 
1 1 1 0 AP06 R register multiplexer select 0 
1 1 1 1 AP07 R register multiplexer select 1 
00 = R register 
01 = Block ID 
10 = Read conversion memory 
11 = Write conversion memory 


Addressable Latch (Bits 21 Through 23 and Bit 16 Set) 


Bit Bit — Bit Bit 
16 21 22 23 


1 0 0 0 AQO00 Enable code table load address 
1 0 0 1 AQ01 Enable read table load 

1 0 1 0 AQ02 Enable write table load 

1 0 1 1 AQ03 Transfer multiplexer select 2 
1 1 0 0 AQ04 Diagnostic force odd byte 

1 1 0 1 AQ05 Diagnostic force zero 

1 1 1 0 AQ06 Diagnostic force ones 

1 1 1 1 AQ07 Diagnostic service in 
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This appendix provides information on the processor used in the CYBER channel 
coupler including the internal instruction set and associated control functions. 


Information is presented under the following major headings. 


Processor Description 

Instruction Formats 

Stack Pointer 

Data Formats 

Internal Flags 

Instruction Execution Times 
Instruction Descriptions 

Format 2 Instructions 

Processor Control Interface Signals 


Instruction Tables 


60000495 A 


Processor Instruction Codes 


B-1 


Processor Description 


The remainder of the registers are used for data, address, and status manipulation. A 
parallel shift network provides the capability of right-shifting the contents of the A 
register a maximum of 15 binary positions under contro! of a 4-bit shift count. It is 
also used for byte and address manipulation. 


Control Interface 


The control interface consists of 12 control signals and provides the facilities for 
externally controlling and monitoring certain processor operations. The various control 
signals are described later in this appendix under the heading of Processor Control 
Interface Signals. 


Data Bus Interface 


The data bus interface provides the processor with the means to communicate with 
internal memory and control circuits, the CYBER channel interface, and the FIPS 
device interface. 


Interrupt Interface 


The CYBER channel coupler does not use the interrupt interface of the processor. 
However, because the processor contains the interrupt interface as an integral part of 
its design, the basic capabilities of the interface are briefly described. 


The interrupt interface would normally function as a one-level interrupt system. That 
is, the occurrence of another interrupt would not be recognized until the processor exits 
interrupt mode. This would be accomplished via the interrupt return or exit interrupt 
state instruction. Also, the interrupt interface could be deactivated by executing the 
disable interrupts instruction or again enabled through use of the enable interrupts 
instruction. 


Normally, memory addresses would be assigned to interrupt bits 00 through 15. Each 
memory address would contain the starting address of a corresponding interrupt 
subroutine. : 


The interrupt interface also provides an interrupt status bit for the set condition equal 
internal tests instruction. This would allow detecting the presence of an interrupt 
without activating the interrupt system. The transfer interrupt register to A instruction 
provides the same capability plus the ability to examine the individual interrupt bits. 
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The following defines the format-2 address modes. 


Direct Address; i=0, r=00, 
A direct address is formed by using only the rightmost eight bits of the instruction 
word. This mode provides direct access to the first 2569 storage locations. 

M =m 


Index B1; i=0, r=01, 
An index-Bl modified address is formed by adding the contents of the Bl register 
to the rightmost eight bits of the instruction word. 

= (B1) + m 


Index B2; i=0, r=10, 
An index-B2 modified address is formed by adding the contents of the B2 register 
to the rightmost eight bits of the instruction word. 

= (B2) + m 


Relative Forward; i=0, r=11, 
A relative-forward address is formed by adding the contents of the P register to the 
rightmost eight bits of the instruction word. 

= (P) +m 


Indirect Address; i=1, r=00. 
An indirect address is formed by reading the contents of the storage location 
designated by the rightmost eight bits of the instruction word. 

M = (m) 


Indirect/Index B1; i=1, r=01, 


An indirect/index-B1 modified address is formed by reading the contents of the 
storage location designated by the rightmost eight bits of the instruction word and 
adding the contents of the B1 register. 


= (m) + (Bl) 


Indirect/Index B2; Format 1, i=1, r=105 ; 


An indirect/index-B2 modified address is formed by reading the contents of the 
storage location designated by the rightmost eight bits of the instruction word and 
adding the contents of the B2 register. 


= (m) + (B2) 


Relative Backward; Format 1, i=1, r=11, 


A relative-backward address is formed by subtracting the rightmost eight bits of the 
instruction word from the contents of the P register. 


= (P)-m 
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Internal Flags 


Condition Bit 


The condition bit is an internal flag that may be altered and sensed by program 
means. In the set or 1 state, this flag is referred to as condition true. In the clear or 0 
state, this flag is referred to as condition false. The following instructions are capable 
of altering the state of the condition bit. 


@ Set Condition Equal Internal Tests 
@ Set Condition Equal Bit t of (B1+s) 
@ Test Index B1 No Address 

@ Test Index B2 No Address 

e Test Index Bl 

e Test Index B2 

e@e Search A Words/Bytes 


Adder-Generate Bit 


The adder generate bit constitutes the 17th output bit of the adder and reflects the 
generation of an end-off carry following operand arithmetic for the following 
instructions. 


e@ Add No Address 

@ Subtract No Address 
@ Add 

@ Subtract 

@ Replace Add 

@ Replace Add One 


The adder-generate bit is not intended to convey any information concerning what is 
conventionally referred to as arithmetic overflow. 


During multiple-precision arithmetic operations, the adder-generate bit provides an 
indication of register overflow by its presence when adding like-signal operands and by 
its absence when subtracting like-signal operands. 


Interrupt Status Bit 


The interrupt status bit is an internal flag that reflects the state of the 16 incoming 
interrupt lines. During each RNI, the 16 interrupt lines are sampled and held in the 
interrupt register. If any one of the interrupt signals is present, the interrupt status 
bit is set. Therefore, if no interrupts are present the interrupt status bit is cleared. 
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Table B-1. Instruction Times in Number of Storage Reference Cycles (Format 1) 


Storage 
Hex Reference 
Code! Instruction Cycles 
0Oxx Selective Stop 2 
010t Selective Set Bit t of A 2 
020t Selective Clear Bit t of A 2 
030t Selective Complement Bit t of A 2 
0400 Count of Leading Zeros in A; to Ar 3 
0401 Swap the Contents of A and Bl: Aq—1 3 
0402 Swap the Contents of A and B2: A+—»>B2 3 
0403 Transfer Interrupt Register to A: INT~A . 2 
O5xt Shift A Right t Places, End Off/Circular 2 
O06xx Transfer A to Bl: A + st-—Bl 2 
O7xx Transfer A to B2: A + st->B2 2 
08xx Set Condition Bit Equal Internal Tests 2 
O9xt Set Condition Equal Bit t of (B1+s) 3 
OAxt Selectively Set Bit t of (Bl1+s) 4 
OBxt Selectively Clear Bit t of (B1+s) 4 
0Cx0 Set (Bl+s) per Ones in A 3 
0Cx1 Clear (B1+s) per Zeros in A 3 
0Cx2 Set (Bl+s) per Zeros in A 4 
0Cx3 Clear (B1+s) per Ones in A 4 | 
ODxx Move A Words 4 + (3xn) 
Move A Bytes 6 + (2xn) 
OExx Search A Words 5 + (2xn) 
Search A Bytes 4 + (3xn) 
OF 00 Stop x 
OFO1 _ Interrupt Return 3 


1. Hexadecimal codes not listed are undefined and result in an unconditional stop if 
used. | 


(Continued) 
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Table B-1. Instruction Times in Number of Storage Reference Cycles (Format 1) 
(Continued) 


Storage 
Hex Reference 
Code! Instruction Cycles 
F9mm Transfer Relative to B2 4 
FAvv Case 3 
FBx0 Queue Put TOP 9/5 
FBpl Queue Put BOTTOM 13-17 
FBp2 Queue Get TOP 11-14 
FBx3 Queue Check Limit 6 
FDxx Push to Stack 6 
FExx POP From Stack 6 
FFO0 Load A with ID 2 
FFO1 Jump from A 2 
FF02 Jump from A Increment! 2 


1. Hexadecimal codes not listed are undefined and result in an unconditional stop if 
used. 
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Selective Set Bit t of A - 010t 


This instruction unconditionally sets bit t of the A register, where the 4-bit designator 
specifies one of the 16-bit positions in the A register. The remaining 15 bits of the A 
register are left unchanged. 


If bit t of A; was already in the set state, then the instruction effectively results in no 
operation. 


Selective Clear Bit t of A — 020t 


This instruction unconditionally clears bit t of the A register, where the 4-bit 
designator t specifies one of the 16-bit positions in the A register. The remaining 15 
bits of the A register are left unchanged. 


If bit t of A; was already in the clear state, then the instruction effectively results in 
no operation. 


Selective Complement Bit t of A - 030t 


This instruction complements bit t of the A register, where the 4-bit designator t 
specifies one of the 16-bit positions in the A register. The remaining 15 bits of the A 
register are left unchanged. 


The complement operation is performed so that when bit t of the A register is set, bit 
t of A; is clear; when bit ty of A; is clear, bit t of A, is set. 


Count of Leading Zeros in A; to A; — 0400 


This instruction scans the contents of A; from left to right and transfers the count of 
leading zeros into Ay as a 5-bit, right-justified quantity. The leftmost 11 bits of A; are 
cleared. 


Swap the Contents of A and Bl - 0401 


This instruction exchanges the contents of the A register and Bl. Therefore, the 
contents of A; equal B1; and the contents of Bly equal A;. 


Swap the Contents of A and B2 - 0402 


This instruction exchanges the contents of the A register and the B2 register. 
Therefore, the contents of A; equal B2; and the contents of B2- equal A). 


Transfer Interrupt Register to A — 0403 


This instruction transfers the contents of the interrupt register to the A register. 
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Selectively Set Bit t of (Bl+s) - OAxt 


This instruction unconditionally sets bit t of the address designated by the (B1 + s). 
The remaining 15 bits of the address are left unchanged. 


If bit t of (B1 + s) was already in the set state, the instruction effectively results in 
no oeation. 


Selectively Clear Bit t of (B1 + s) - OB Xtx 


This instruction unconditionally clears bit t of the address designated by (B1+s). The 
remaining 15 bits of the address are unchanged. 


If bit t of (B1+s) was already in the clear state, the instruction effectively results in 
no operation. 


Set (B1+s) per Ones In A - OCx0 


This instruction unconditionally sets bits in the address designated by (Bl+s) according 
to the contents of the A register. 


This instruction sets bits in the designated address when corresponding ones are 
present in the A register. When zeros are present in the A register, corresponding bits 
in the designated address are unchanged. 


Clear (Bl1+s) Per Zeros In A - 0Cx1 


This instruction unconditionally clears bits in the address designated by (B1+s) 
according to the contents of the A register. 


This instruction clears bits in the designated address when corresponding zeros are 
present in the A register. Where ones are present in the A register, corresponding bits 
in the designated address are unchanged. 


Set (B1+s) Per Zeros In A - 0Cx2 


This instruction unconditionally sets bits in the address designated by (Bl+s) according 
to the contents in the A register. 


This instruction sets bits in the designated address when corresponding zeros are 
present in the A register. Where ones are present in the A register, corresponding bits 
in the designated address are unchanged. 


Clear (B1+s) per Ones In A - 0Cx3 


This instruction unconditionally clears bits in the address designated by (Bl1+s) 
according to the contents of the A register. 


This instruction clears bits in the designated address when corresponding ones are 


present in the A register. Where zeros are present in the A register, corresponding bits 
in the designated address are unchanged. 
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Interrupt Return - 0F01 


This instruction clears interrupt mode. Clearing interrupt mode selects the normal 
program execution register set. 


The first instruction in job mode will be executed before checking for any interrupts. If 
the processor is in job mode when the instruction is executed, the processor treats the 
instruction as an illegal instruction and causes the processor to do an unconditional 
stop. 

Push: Bl, B2 - OF02 

This instruction stores the contents of the B1 and B2 registers into the push/pop stack. 


It stores index B2 at the current-stack-pointer address and index B1 at stack pointer 
address-1. Stack pointer f will equal stack pointer i-2. The contents of Bl and B2 are 
unaltered. : 


Pop: Bl, B2 - OF03 


This instruction loads the B1 and B2 registers from the push/pop stack. This 
instruction loads the B1 register with the contents of stack pointer i+1 and the B2 
register with the contents of stack pointer i+2. Stack pointer f equals stack pointer 
i+2. 

Add No Address - 10xx 


This instruction adds the rightmost eight bits of the instruction word, with zeros 
extended, to the (A); and transfers the sum to Ar. 


The adder generate bit receives the end-off carry from the adder at the time the result 
is transferred to the A register. 


Subtract No Address —- 11xx 


This instruction subtracts the rightmost eight bits of the instruction word, with zeros 
extended, from the (A); and transfers the difference to Ar. 


The adder generate bit receives the end-off carry from the adder at the time the result 
is transferred to the A register. 


Exclusive Or No Address — 12xx 


This instruction performs an exclusive OR with the rightmost eight bits of the 
instruction word and the rightmost eight bits of A; and places the result in A;. The 
leftmost eight bits of A; remain unchanged. 
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Instruction Descriptions 


Load From (A) - 17xx 
This instruction transfers the (M) to the A register. 


The execution address, M, is formed by adding the rightmost eight bits of the 
instruction word to the (A)i. 
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Format-2 Instructions 


Enter A With Address - 18xx Through 1Fxx 


This instruction transfers m (address after modification) to the A register. The codes 
for the eight addressing modes used with this instruction are as follows. 


Hex 

Code Operation 
18xx m—A 

19xx m+(B1)—A 


1Axx m+(B2)—A 
1Bxx m+(P)—~A 


1Cxx (m)—(A) 
1Dxx (m)+(B1)—A 
1Exx (m)+(B2)7~A 
1Fxx -m+(P)—A 


Enter Bl With Address - 20xx Through 27xx 


This instruction transfers m (address after modification) to the B1 index register. The 
codes for the eight addressing modes used with this instruction are as follows. 


Hex 

Code Operation 
20xx m—Bl 

21xx m+(Bl1)—Bl 
22xx m+(B2)—B1 
23xx m+(P)—Bl 
24xx (m)—B1 

25xx (m)+(B1)}B1 
26xx (m)+(B2)—Bl1 
27xx -m+(P)}—B1 _ 


Enter B2 With Address —- 28xx Through 2Fxx 


This instruction transfers m (address after modification) to the B2 index register. The 
codes for the eight addressing modes used with this instruction are as follows. 


Hex 

Code Operation 
28xx m—B2 

29xx m+(B1)—B2 


2Axx m+(B2)—B2 
2Bxx m-+(P)—>B2 
2Cxx (m)}—B2 

2Dxx (m)+(B1)>B2 
2Exx (m)+(B2)—B2 
2F xx -m+(p)—B2 
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Format-2 Instructions 


The codes for the eight addressing modes used with this instruction are as follows. 


Hex 

Code Operation 

40xx (m)—>Ays 

41xx (m+(B1)}Ay; 
42xx (m+(B2))—>Ag 
45xx ( (m)+(B1))—A, - 
46xx ( (m)+(B2))—>Ag 
47xx (-m+(P))->Ag 


Load A Complement - 48xx Through 4Fxx 
This instruction transfers the twos complement of the contents of m to the A register. 


The twos complement of 0000 and 8000,,¢ leaves the number unaltered. The hardware 
does not detect these as exceptions. 


The codes for the eight addressing modes used with this instruction are as follows. 


Hex 

Code Operation 

48xx COMP OF (m)—Ary 

49xx COMP OF (m+(B1))—>A,; 
4Axx COMP OF (m+(B2))—>Ay; 
4Bxx COMP OF (m+(P))—>Ar 
4Cxx COMP OF ((m))—>A,s 
4Dxx COMP OF ((m)+(B1))—Ay; 
4Exx COMP OF ((m)+(B2))}—A; 
4F xx COMP OF (-m+(P))—A; 


Load Leftmost Byte - 50xx Through 57xx 

This instruction transfers the leftmost byte from the contents of m (address after 
modification) to the rightmost byte position in the A register and clears the leftmost 
byte in the A register. 


The codes for the eight addressing modes used with this instruction are as follows. 


Hex 

Code Operation 

50xx Leftmost Byte From m-A; 

51xx Leftmost Byte From m+(B1)—A; 
52xx Leftmost Byte From m+(B2)—>A; 
53xx Leftmost Byte From m+(P)-A; 
54xx Leftmost Byte From (m)-—>A,; 

S5xx Leftmost Byte From (m)+(B1)->A; 
d6xx Leftmost Byte From (m)+(B2)—A; 
D7xx Leftmost Byte From -—m+(P)—>A; 
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Format-2 Instructions 


Hex 
Code Operation 
68xx (m)-(A;)—(m)}—>Ay 


6Axx (m+ (B2))-(A;)-(m)} A; 
6Bxx (m + (P))-(A;}-(m)-A; 
6Dxx —(_(m)+(B1))-(A,—(m)>Ay 
6Exx —(_(m)+(B2))-(A,)-(m)>A, 
6Fxx (-m+(P))-(A,)-(m)>A, 


Exclusive OR — 70xx Through 77xx 


This instruction performs an exclusive OR with the contents of memory location m 
(address after modification) and the contents of the A register (A;); the result is 
transferred to the A register (Ay). 


The exclusive OR operation is performed according to the following truth table. 


Bit n of A; Bit n of (m) Bit n of Ar 


0 0 


HO © 


1 1 
0 1 
1 0 


The codes for the eight addressing modes used with this instruction are as follows. 


Hex 

Code Operation 

70xx (m) + (A;)}—>Ar 

71xx (m+(B1))+(A;)—>Ag¢ 
7T2xx (m+(B2))+(A;)}—>Ag 


T3xx (m+(P))+(A)—Ay; 
TAxx ( (m))+(A)> Ay 


T5xx ( (m)+(B1))+(A)—>Ay 
76xx ( (m)+(B2))-(A)—>Ay 
T1xx (-m+(P))+(A))—>Ay 


Logical Product - 78xx Through 7Fxx 


This instruction performs a logical product with the contents of memory location m 
(address after modification) and the contents of the A register (A;); the results are 
transferred to the A register (Aj). 


The logical product operation is performed according to the following truth table. 


Bit n of A; Bit n of (m) Bit n of Ar 
0 0 0 
0 1 0 
1 0 0 
1 1 1 
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Format-2 Instructions 


Replace Leftmost Byte - 90xx Through 97xx 


This instruction stores the rightmost byte of the contents of the A register (A;) into the 
leftmost byte position of storage location m (address after modification). The rightmost 
byte of m is left unchanged, and (A, equals (Mp). 


The codes for the eight addressing modes used with this instruction are as follows. 


Hex 

Code Operation 

90xx Ag.p>Mo.7 

91xx Ag.p—>m +(B1)o.7 
92xx Ag.p>m + (B2)o.7 
93xx Agr>m+t(P)o,7 
94xx Ag.p—>(m)o.7 

95xx Ag.p—>(m)+(B1)po.7 
96xx Ag.p->(m) + (B2)o9.7 
97xx Ag.po-m + (P)o.7 


Replace Rightmost Byte - 98xx Through 9Fxx 


This instruction stores the rightmost byte of the contents of the A register (A;) into the 
rightmost byte position of storage location m (address after modification). The leftmost 
byte of m is unchanged, and (A,) equals (Mj). 


The codes for the eight addressing modes used with this instruction are as follows. 


Hex 

Code Operation 

98xx Ag.p>Mg_p 

99xx Ag pom + (Bl)g p 
9Axx Ag p>m+(B2)g 
9Bxx Ag pm + (P)g_p 
9Cxx Ag.p>(m)g_p 

9Dxx Ag.p—>(m) + (Bl) p 
QExx Ag p->(m)+(B2)gF 
OF xx Ag.po-m + (P) 8-F 
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Format-2 Instructions 


Subroutine Jump - BOxx Through B7xx 


This instruction stores the current P register at the designated location M and gives 
contro] at location M+1. The instruction at location M+1 is executed before the next 
interrupt is allowed to occur by performing the following steps. 


1. Read address m (contains address M). 
Store register 0 (P) at location M. 


Increment address M. 


- 2 SN 


Store address M in register 0 (P). 


5. Execute next instruction (current register 0) before allowing interrupt to be 
recognized. 


Unconditional Jump - BBxx Through BFxx 


This instruction unconditionally performs a jump exit to the specified storage location 
m (address after modification). 


The codes for the eight addressing modes used with this instruction are as follows. 


Hex 

Code Operation 
B8xx jo-m 

B9Oxx j>m+(B1) 


BAxx j-m-+(B2) 
BBxx jom-+(P) 
BCxx j>(m) 

BDxx j>(m) + (B1) 
BExx j->(m) +(B2) 
BFxx j7-m+(P) 


A Zero Jump - COxx Through C7xx 


This instruction performs a jump exit to the specified storage location m (address after 
modification) if the A register contains all zeros. 


The codes for the eight addressing modes used with this instruction are as follows. 


Hex 
Code Operation 


COxx If (A)=0,j->m | 
Clxx If (A)=0,j->m+(B1) 
C2xx If (A)=0,j-m +(B2) 
C3xx If (A)=0,j>m +(P) 
C4xx If (A)=0,j—>(m) 

C5xx If (A)=0,j>(m)+(B1) 
C6xx If (A)=0,j—->(m) + (B2) 
C7xx If (A)=0,j--m + (P) 
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Format-2 Instructions 


Condition True Jump - E0xx Through E7xx 


This instruction performs a jump exit to the specified storage location m (address after 
modification) if the condition bit (internal flag) is true (1 state). 


The codes for the eight addressing modes used with this instruction are as follows. 


Hex 
Code 


E0Oxx 
Elxx 
E2xx 
E3xx 
B4xx 
E5xx 
E6xx 
E7xx 


Operation 


If CB=1,j->m- 

If CB=1,j->m+(B1) 
If CB=1,j>m+(B2) 
If CB=1,j->m+(P) 
If CB=1,j>(m) 

If CB=1,j—>(m) +(B1) 
If CB=1,j—>(m)+(B2) 
If CB=1,j>-m+(P) 


Condition False Jump - E8xx Through EFxx 


This instruction performs a jump exit to the specified storage location m (address after 
modification) if the condition bit (internal flag) is false (0 state). 


The codes for the eight addressing modes used with this instruction are as follows: . 
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Operation 


If CB=0,j-m 

If CB=0,j-m+(B1) 
If CB=0,j-m+(B2) 
If CB=0,j->m+(P) 
If CB=0,j->(m) 

If CB=0,j->(m)+(B1) 
If CB=0,j—>(m) + (B2) 
If CB=0,j->-m + (P) 
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Format-2 Instructions 


Return to Interrupted Program - F1xx 


This instruction is used to return control to the original interrupted program (after exit 
interrupt state instruction). The return to interrupted program instruction can be 
executed in either interrupt mode or job mode. The state of the interrupt system is 
unchanged. 


@ Instruction format: 
@0 oe CSCSC~ 
M04411 
@ Procedure: 


1. Read address m (direct cell) (contains address M). 


2. Fetch data at address M+1, store in register 0 equals (P) register. 
3. Fetch data at address M+2, store in register 1 equals (A) register. 
4. Fetch data at address M+3, store in register 2 equals (B1) register. 
5. Fetch data at address M+4, store in register 3 equals (B2) register. 
6. Fetch data at address M+5, store in status register. 
7. Increment address M by 5, store at address m. 
8. Exit to address in register 0 (P). 

e Output: 
m M+5 
Register 0 (P) (M+1) 
Register 1 (A) (M+ 2) 


Register 2 (B1) (M+3) 
Register 3 (B2) (M+ 4) 
Status (M+5) 


NOTE 


This instruction may be executed in interrupt mode or job mode. 
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Format-2 Instructions 


Return From Subroutine Instruction - F4xx 


This instruction returns control] from a subroutine entered via the subroutine jump 
instruction. 


@ Instruction format: 


@ Procedure: 
1. Read address m (contains address M). 
2. Store contents of address M in register 0 (P). 


3. Execute next instruction at location P+1. 


Subroutine Return Relative Backward — F5xx 


This instruction returns contro] from a subroutine entered via the subroutine jump 
instruction. 


@ Instruction format: 


00415 


@ Procedure: 
1. Form address M = (P-m). 
2. Store contents of address M in register 0 (P). 


3. Execute next instruction at location P+1. 


Code Conversion Relative Forward - F60x (Where x = 0 yyyy or 
1) 


This instruction reads words starting at the address defined by the contents of the Bl 
register using the leftmost character of the word to index into the code conversion 
table defined by instruction address yyyy (yyyy is at P+1) relative forward. It 
substitutes the value found in the left byte of the table entry if x equals zero, or the 
value found in the right byte of the table entry if x equals one, and stores this value 
into the left byte of the address defined by the contents of the B2 register. The right 
byte of the word is then converted in the same manner and stored into the right byte 
of the word defined by the B2 register. The length in words contained in the A 
register is decremented by one and when the A register equals zero, the instruction 
terminates. 
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Format-2 Instructions 


Queue Instructions - FBxx 


Each of four queue instructions operate with an associated queue contr.] block (QCB). 
-QCB consists of four elements arranged in the following format: 


QCcB 
| Count | — Contains total number of entries in the queue. 
Top —— Contains address of the top entry in queue. 


— Contains address of the bottom entry in queue. 
— Variable flags - Content differs with various queue instructions. 


04417 


An initialized queue that contains no entries has a QCB in the following state. 


P-1 QcsB 
P 0000 | — Count location contains all zeros, indicating no entries in queue. 


P+1 | FFFF |— The terminator fills the top location, indicating empty queue. 

P+2 | P-1 | — Bottom location directs to start of QCB-1. 

P43 XXXX_ | — Contains either limit or D/RC depending on the individul queue instruction. 
mo4aie 


NOTE 


Limit defines queue capacity. 


Each queue entry is defined by a parameter list unique to that specific entry. The 
third word in the parameter list is referred to as the thread word. The thread word 
contains the address of the subsequent queue entry; therefore, all queue entries are 
linked together with thread words. The thread word of an entry in the bottom location 
of the queue does not contain an address but rather a terminator word (FFFFy,) 
indicating end of queue. 


Queue Put Top - FBx0 


This instruction executes assuming the contents of the B2 register point to QCB, and 
the A register contains the entry to be added to queue. With both conditions satisfied, 
this instruction accomplishes the following. 


@ Places the address contained in the A register into the queue at the top location of 
QCB. 


Forces the entry initially occupying the top location of QCB to be replaced at the 
next lower location in the queue. 


NOTE 
Upon placement of the new entry into queue top, the thread word of that entry 
becomes equivalent to the address of the entry initially occupying the top location. 


Increments the queue count by one reflecting the increase in the number of entries 
in queue. 
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Format-2 Instructions 


e@ If bit p; is set: 


- The last entry is checked. If the last entry is in the queue, then RC (rightmost 
eight bits of flag location in QBC) must be nonzero for the entry to be removed. 


If count equals one, and RC equals zero, then no entry is removed. 
If count equals one, and RC doesn't equal zero, or 
If count is greater than one, then the top entry is removed. 

@ If bit po is a set: 


- RC increments if an entry is removed (GOT) from queue. If an entry is not 
GOT, D is set. 


The following conditions apply to all three variations of this instruction. 
@ RNI is at one of the following. 
-. (P+1) if queue is empty 
- (P+2) if last entry is removed 
- (P+3) if not last entry 
e@ The contents of of A register point to the entry to be GOT. 
e Completion of the instruction leaves the Bl and B2 registers unchanged. 


@ The thread word of the removed entry is set to zero. 


Queue Check Limit - FBx3 


This instruction executes assuming that the contents of the A register point to QCB. 
This instruction causes the contents of the count to be subtracted from the contents of 
limit. The result is placed into the A register. 


If count is greater than limit, RNI is at (P+1). 


If count is less than limit, RNI is at (P+2). 


Push To Stack - FDxx 


This instruction pushes the contents of the B2, Bl, and A registers, respectively, into 
the push/pop stack beginning at the direct cell address contained in xx. The stack 
pointer decrements from the direct-cell address by three as the B2, B1, and A registers 
are pushed into the stack. This instruction exits without changing the contents of the 
registers. RNI is at P+1. 


Pop From Stack - FExx 
This instruction pops the B2, B1, and A registers from the push/pop stack as the stack 


pointer increments by three from the address contained in xx. This instruction exits 
without changing the contents of the registers. RNI is at P+1. 
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Processor Control Interface Signals 


Go 


This signal, when a zero, sets the processor go flip-flop. If a master clear has not 
occurred since the last Step command, memory parity error, or stop instruction, sensing 
the go flip-flop set causes the microsequencer to load the processor operating registers 
as follows. 


= 


Load P register with the contents of memory address 6. 

Load A register with the contents of memory address 7. 

Load B1 register with the contents of memory address 8. 
Load B2 register with the contents of memory address 9. 
Load S1 register with the contents of memory address A. 
Load S2 register with the contents of memory address B. 
Load S3 register with the contents of memory address C. 
Load S4 register with the contents of memory address D. 


Set condition bit equal bit 0 and the overflow flip-flop equal bit 1 of memory 
address E. 


© Oo NAN HB TH F WwW NS 


If a master clear has occurred, the processor operating registers are not loaded (remain 
cleared). In either case, the microsequencer then returns execution to read the 
instruction designated by the P register. (If a master clear had occurred, execution will 
begin at memory location 0.) 


Step (Stop) 


This signal, when zero, sets the processor step flip-flop. Assuming the processor is 
running upon sensing the step flip-flop set, the microsequencer saves the current 
program address +1 and proceeds to execute the register display sequence. Then, the 
processor idles. To Step, first a Stop and then a Go signal is given the processor by 
the interface hardware. 


The register display sequence stores the processor registers into instruction memory as 
follows. 


Address 


Memory Read Data Register 
Instruction Register 
P Register 

A Register 

Bl Register 

B2 Register 

S1 Register 

S2 Register 

S3 Register 

S4 Register 

Status Register 
Interrupt Register 
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Instruction Tables 


Read Address Status 


Indicates that the current bus reference is for the purpose of reading an address during 
the execution of an instruction which specifies indirect addressing or the stack pointer. © 


Read Operation Status 


This status output in the low state indicates that the current bus reference is for the 
purpose of reading an operand. 


Write Operation Status 


This status output in the low state indicates that the current bus reference is for the 
purpose of storing an operand. 


Instruction Tables 


Tables B-4 and B-5 contain a summary of the mnemonics and hexadecimal codes for 
the various processor instructions. Table B-5 also provides a summary of the eight 
addressing modes that apply to each of the format-2 instructions. 
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Instruction Tables 


Table B-3. Direct Addressing Modes, Mnemonics, and Hex Codes of Format 2 


Instructions 


Instruction 


Enter A with adrs 
(alternate) 
(alternate) 
Enter B1 with adrs 
(alternate) 


Enter B2 with adrs 
(alternate) 

Test index Bl 

Test index B2 
Load A 


Load A complement 
Load upper 

Load lower 

Add 

Subtract 


Logical minus 
Logical product 
Replace add 
Add one 
Replace upper 


Replace lower 
Store 

Clear 

Subroutine jump 
Unconditional jump 


Zero jump 
Nonzero jump 
Positive jump 
Minus jump 
True jump 


False jump 
Subroutine return 


Direct 


EAD m 
EAD m 
LDN m 
E1D m 
EN1 m 


E2D m 
EN2 m 
TID m 
T2D m 
LDD m 


LCD m 
LUD m 
LLD m 
ADD m 
SBD m 


LMD r 
LPD m 
RAD m 
AOD m 
RUD m 


PLD m 
STD m 
CLD m 
SJD m 
UJD m 
ZJD m 
NJD m 
PJD m 
NHI m 
MJD m 


FJD m 


Direct 
Index Bl 


EAD m,1 
ENA m,1 


E1D m,1 
IN1 m,1 


E2D m,2 
EI2 m 

T1D m,1 
T2D m,1 
LDD m,1 


LCD m,1 
LUD m,1 
LLD m,1 
ADD n,]1 
SBD m,1 


LMD m,]1 
LPD m,1 
RAD m,1 
AOD m,]1 
RUD m,1 


PLD m,1 
STD m,1 
CLD m,1 
SJD m,1 
UJD m,1 


ZJD m,1 
NJD m,1 
PJD m,1l 
MJD m,1 
TJD m,1 


FJD m,1 


Direct 
Index B2 


EAD m,2 
ENA m,2 


E1D m,2 
Ell m,2 


E2D m,2 
IN2 m 

T1D m,2 
T2D m,2 
LDD m,2 


LCD m,2 
LUD m,2 
LLD m,2 
ADD m,2 
SBD m,2 


LMD m,2 
LPD m,2 
RAD m,2 
AOD m,2 
RUD m,2 


PLD m,2 
STD m,2 
CLD m,2 
SJD m,2 
UJD m,2 


ZJD m,2 
NJD m,2 
RJD m,2 
MJD m,2 
TJD m,2 


FJ D m,2 


Relative 
Forward 


EAR r 


E1R r 


E2R r 


TiR r 
T2R r 
LDR r 


LCR r 
LUR r 
LLR r 
ADR r 
SBR r 


LMR r 
LPR r 
RAR r 


AOR r 


RUR r 


PLR r 
STR r 
CLR r 
SJR r 
UJR r 


2Rr 
NJRr 
PJR r 
MJR r 
TJRr 


FUR r 


Hex 
Code 


18-1F 
20-27 


28-2F 


30-37 
38-3F 
40-47 


48-4F 
50-57 
58-5F 
60-67 
68-6F 


70-77 
78-7F 
80-87 
88-8F 
90-97 


98-9F 

A0-A7 
A8-AF 
BO0-B7 
B8-BF 


C0-C7 
C8-CR 
DO0-D7 
D8-DF 
E0-E7 


E8-EF 
F4-F5 


1. Note that RTB's addressing mode is "relative backward" which is different from 


"relative reverse.” 
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Processor Instruction Codes B-45 


FIPS I/F Sequence Charts C 


This appendix contains sequence charts for the block multiplexer and data streaming 
operations of the Federal Information Processing Standards (FIPS) device interface. The 
first two figures represent block-multiplexer operation, while the third represents 
data-streaming operation. 
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FIPS Device Interface Status D 


This appendix defines each bit of the actual Federal Information Processing Standards 
(FIPS) status byte received from the addressed input/output (I/O) device or contro] unit 
during an ending-sequence-compare error or select-sequence-compare error. 


Bit 

Position Designation 

8 Attention 

9 Status Modifier 
9 Status Modifier 
10 Control Unit End 
11 Busy 

12 Channel End 
13 Device End 

14 Unit Check 

15 Unit Exception 


Bit 8 Attention 


The attention condition is generated when some asynchronous condition occurs in the 
I/O device. The condition may be accompanied by other status. Attention is not 
associated with the initiation, execution, or termination of any I/O operation. 


If a condition at the I/O device or control unit has caused the presentation of attention 
status while an I/O operation is in execution, command chaining (if any), is no longer 
indicated, and the operation is ended. If command chaining is indicated when 
channel-end status is presented, command chaining is no longer indicated when 
device-end status is presented and accompanied by attention. When the attention 
condition is indicated, the handling and presentation of the condition to the channel 
depends on the type of I/O device. An I/O device shared between more than one 
channel path presents the attention status to all channel paths as defined in the 
vendor's documentation for that I/O device. Depending on the I/O-device application, 
attention may or may not be presented until command chaining is no longer indicated. 


Attention is accompanied by device end and unit exception when a 
not-ready-to-ready-state transition is signaled. (See Bit 13 Device End discussed later in 
this appendix.) 
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Bit 10 Control-Unit End 


Bit 10 Control-Unit End 


Only control units that can indicate a control-unit-busy condition can indicate a control- 
unit-end condition. The control-unit-end condition occurs for one or both of the 
following. 


@ The control unit was interrogated while it was in the busy state. Interrogated in 
the busy state means that, during an initial-selection sequence, conditions at the 
control unit precluded execution of an operation with an I/O device on the control 
unit, and that the control unit responded with a busy and status modifier in the - 
unit-status byte. (See Bit 9 Status Modifier discussed previously.) 


@ The control unit detected an unusual condition while busy, but after-a channel end 
was accepted by the channel. Indication of the unusual condition accompanies 
control-unit end. 


If the control unit remains busy executing an operation after signaling channel end but 
is not interrogated and does not detect an unusual condition, control-unit end is not 
generated. 


The I/O-device address associated with control-unit end is determined as follows. 


@ The address of the selected device is used if control-unit end is to be presented with 
channel end and/or device end. 


e@ If control-unit end is generated without channel or device end and the status is 
presented during a control-unit-initiated sequence, the I/O-device address to be used 
when presenting this status is any legitimate address associated with the control 
unit. (A legitimate address is any address that is not associated with an I/O device 
currently executing an I/O operation and that the control unit is capable of 
recognizing, regardless of whether or not the I/O device is acually attached.) 


e@ If control-unit end is to be presented during an initial-selection sequence, the 
I/O-device address is the same as the address issued with address out. The sequence 
may be executed as either the initial-selection sequence or the short-busy sequence. 


The control-unit-end condition can be signaled with channel end, or any time after 
channel end, and may be accompanied by other status bits. When control-unit end is 
signaled with a control-unit initiated sequence in the absence of any preceding data 
transfer or other status conditions, the status may be associated with any address 
assigned to the contro] unit. For control units attaching more than a single I/O device, 
a pending control-unit end for one I/O device does not necessarily preclude initiation of 
new operations with other attached devices. Whether the control unit allows initiation 
of other operations is at the option of the contro] unit. Control-unit end causes 
command chaining to be suppressed. 


When the busy state of the control unit is temporary, control-unit end can be included 
with busy and status modifier in response to interrogation, even though the control 
unit is not free. The busy condition may be considered temporary if it lasts less than 
approximately two milliseconds. 


NOTE 


When a control unit has signaled a temporary control unit-busy condition, the channel 
may attempt an initial-selection sequence immediately following acceptance of the 
status. 
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Bit 12 Channel End 


Bit 12 Channel End 


Channel end is caused by the completion of the portion of an I/O operation involving 
execution of a command; this execution may also include the transfer of data between 
the I/O device and the channel. 


Each I/O operation causes only one channel-end indication to be generated. The 
channel-end condition is generated only when the command is accepted, that is, the 
initial status byte for the operation contained either all zeros or channel end, as in the 
execution of an immediate operation. If the initial-status byte contained all] zeros, the 
next status byte presented by the device includes channel end. If channel end is not 
included in this status byte, an error condition may be recognized by the channel and 
the I/O operation, if any, terminated. , 


During an V/O operation, the exact time that channel end is generated depends on the 
operation and the type of I/O device. For operations such as writing, some I/O devices 
generate the channel-end condition when the data has been written. On other I/O 
devices that later verify the writing, channel end may be delayed until verification is 
performed, depending on the I/O device. On I/O devices equipped with buffers, the 
channel-end condition may occur on completion of data transfer between the channel 
and the buffer. During execution of contro] commands that involve data transfer, 
channel end is usually generated after the data is transferred to the contro] unit: 
although for some I/O operations, channel end may be delayed until the operation is 
completed. Operations that do not cause data to be transferred, as in the case of 
immediate operations, can provide the channel-end condition during the initial-selection 
sequence. 


60000495 A . FIPS Device Interface Status D-5 


Bit 14 Unit Check 


e An unloaded condition in a magnetic-tape unit. 

e Card equipment out of cards or stacker full. 

@ Printer out of paper. 

e Error conditions that need operator intervention. 

e An VO device having changed from the enabled to the disabled state. 


An I/O device shared between more than one channel] and for which a 
not-ready-to-ready-state transition has occurred must present the appropriate indication 
to all attached channels as defined in the operational specification for the I/O device. 


Device end is accompanied by other status when conditions are recognized that are 
unrelated to the execution of an I/O operation. These conditions are brought to the 
attention of the program and are presented to the channei as they occur. 


Bit 14 Unit Check 


Unit check indicates that the I/O device or control unit has detected an unusual 
condition that is detailed by information available to a basic-sense command. The 
occurrence of unit check may indicate that a programming error or an equipment error 
has been detected, that the not-ready state of the device has affected the execution of 
the command, or that an exceptional condition other than the one identified by unit 
exception has occurred. The unit-check bit provides a summary indication of the 
conditions identified by sense data. 


An error condition causes the unit-check indication when the error condition occurs 
during execution of a command or during some activity associated with an I/O 
operation. Unless the error condition pertains to the activity initiated by a command or 
is of significance to the program, the condition does not cause the program to be 
alerted after device end has been cleared; a malfunction may, however, cause the 
device to become not ready. 


Unit check is indicated when the existence of the not-ready state precludes a 
satisfactory execution of the command or when the command, by its nature, tests the 
state of the I/O device. When no status is pending for the addressed I/O device at the 
control unit, the contro] unit signals unit check when test I/O or the no-operation 
control command is issued to a not-ready I/O device. In the case of a no-operation, the 
command is not accepted, and channel and device end do not accompany unit check. 


Unless the command is designed to cause unit check, such as a command to rewind 
and unload magnetic tape, unit check is not indicated if the command is properly 
executed, even though the I/O device has become not ready during, or because of, the 
operation. Similarly, unit check is not indicated if the command can be executed with 
the I/O device not ready. A console could, for example, accept and execute the 
alarm-contro] command when the printer is not ready. Selection of the I/O device in 
the not-ready state does not cause a unit-check indication when the sense command is 
issued or when a status condition is pending for the addressed device at the control 
unit. 


If, during the initial-selection sequence, the I/O device detects that the command cannot 
be executed before initial status is presented, unit check is presented to the channel 
and it appears without channel end, control-unit end, or device end. Such unit status 
indicates that no action has been taken at the device in reponse to the command. If 
the condition that precludes proper execution of the operation occurs after the command 
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Command-Retry Sequence 


Command-Retry Sequence 


If, during execution of a command, the contro] unit encounters a condition requiring 
retry, the control unit requests command retry by raising mark 0 in and status in 
while presenting unit check and status modifier together with channel end (meaning 
the control] unit or the device is not yet ready to retry the command), or channel end 
and device end (meaning the control unit and device are prepared for immediate retry 
of the command). Device end, if not presented with channel end, is presented later, 
when the control unit is ready to retry the command. 
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Comments (continued from other side) 
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